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Climate-Smart Agriculture in Latin America: Drawing on Research to 

Incorporate Technologies to Adapt to Climate Change  

Nancy McCarthy
1
 

Abstract: Climate change could have serious effects on agricultural production worldwide, and 

particularly in Latin America. It threatens to increase the incidence of drought in some regions and 

flooding in others, while increasing climate volatility and thus exacerbating variance in yields in all 

regions. A number of technologies and agronomic techniques have been developed to reduce the effects 

of climate change by keeping yields high and stable. This paper outlines four of these key climate-smart 

agriculture techniques: conservation agriculture (tillage, cover crops, and rotation), irrigation, 

agroforestry, and soil conservation structures. The paper examines the results of current research on the 

effects of these techniques, their gaps and limitations, and the extent to which they have been adopted in 

Latin America. The analysis then serves as the basis for recommendations on how to better design 

projects promoting climate-smart agriculture and assess their future impact on Latin American farmers.  

Key words: climate smart agriculture, climate change, agriculture, development effectiveness, impact 

evaluation 

JEL Classification: H43, Q15, Q54, Q55 

Resumen: El cambio climático podría tener efectos graves en la producción agrícola en todo el mundo, y 

particularmente en América Latina. Este amenaza con aumentar la incidencia de la sequía en algunas 

regiones e inundaciones en otras, al mismo tiempo que aumenta la volatilidad del clima, exacerbando así 

la variación en rendimientos en todas las regiones. Una serie de tecnologías y técnicas agronómicas se 

han desarrollado para reducir los efectos del cambio climático para mantener rendimientos altos y 

estables. El presente documento esboza cuatro de estas técnicas claves: la agricultura de conservación 

(siembra directa, cultivos cubierta y rotación), el riego, la agroforestería y las estructuras de conservación 

de suelos. El documento cubre los últimos estudios en estas cuatro técnicas y se enfoca en analizar sus 

efectos, sus vacíos, limitaciones, y el grado en que se han adoptado en América Latina. El análisis a 

continuación, sirve de base para recomendar cómo mejorar los diseños de los proyectos que promueven la 

agricultura resistente al estrés climático y evaluar su futuro impacto en los agricultores de América 

Latina. 

Palabras clave: agricultura resistente al estrés climático, cambio climático, agricultura, efectividad en el 

desarrollo, evaluación de impacto 

Clasificación JEL: H43, Q15, Q54, Q55 
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1.  Climate Change and Agricultural Households in Latin America and the 

Caribbean 

 

Global average surface temperatures have increased by 0.74°C over the past 100 years, with the 

biggest increase of 0.55°C occurring over only the past 30 years (Mertz 2009). Temperatures 

worldwide are projected to increase by an additional 1.5–5.8°C by the end of the 21st century 

(Rosenzweig et al. 2001). Climate change is expected to have a range of consequences on 

agriculture, chief among them yield declines and higher yield variability. This is a huge 

challenge considering that the global population is expected to increase to 9.1 billion by 2050, 

meaning that global agriculture will need to feed some 2 billion additional people (UNFPA 2011; 

Bruinsma 2009). It is estimated that the number of people at risk of hunger will increase by 40 

million by 2020 and then by another 24 million by 2050 and a further 55 million by 2080 (Parry 

et al. 1999). Currently, 75 percent of the 925 million food-insecure individuals in the world live 

in rural areas and earn incomes either directly or indirectly from agriculture (FAO 2010). Within 

Latin American and the Caribbean (LAC), the Central American countries, Brazil, and the 

Andean region alone account for 7 percent of the world’s malnourished population (Lobell et al. 

2008). Thus, efforts to ensure food security in the face of climate change must focus on the 

livelihoods of these developing-country farmers by improving the resiliency of their farming 

systems and their capacity to adopt technologies that are adapted to the effects of climate change 

and can help mitigate it where possible (Parry et al. 1999). 

1.1.Expected Climate Changes in Latin America and the Caribbean 

The Intergovernmental Panel on Climate Change forecast an increase in temperatures in LAC of 

0.4–1.8°C by 2020 (IPCC 2007), while four different models cited by Schimmelpfennig et al. 

(1996) predicted temperature increases by 2100 in LAC of 2.6–4.7°C. Perhaps of even greater 

concern than the projected average temperature increases is the fact that climate change is also 

expected to increase inter-annual and seasonal climate variability, making it difficult to make 

agricultural management decisions (IPCC 2007; Rosenzweig and Tubiello 2007). 

 Within LAC, climate change is expected to have different effects in different geographic 

areas. For example, higher temperatures have already caused a significant retreat of Andean 

glaciers over the past three decades, which is expected to cause critical water shortages in the 

near future in downstream areas of Bolivia, Ecuador, Colombia, Peru, and Chile, where many 

rural communities obtain up to 80 percent of their water from snow melt. The Andean region is 

also exposed to greater flooding as a result of this same phenomenon (Coudrain et al. 2005).  By 

changing the oscillation of weather circulation patterns in the tropical Pacific, like the El Niño 

Southern Oscillation (ENSO), climate change is expected to increase weather variability, with 

dry areas becoming even drier and rainfall levels increasing where rainfall is already high 

(Salinger et al. 2000; Baez and Mason 2008; Candel 2007). Steady precipitation increases have 

already been observed in parts of southeastern Brazil, Argentina, Uruguay, Paraguay and Brazil 
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(Schimmelpfennig et al. 1996) and are likely to increase in much of the Amazon forest region 

(IPCC 2007).  On the other hand, steady declines in precipitation have been observed in areas of 

southern Chile, Peru, northeast Brazil, and most of Central America (IPCC 2007).  

The incidence and severity of extreme weather events are also projected to increase. 

Central America and the Caribbean are particularly vulnerable to increased weather extremes 

because of their already-high exposure level to hurricanes (Mirza 2003; Baez and Mason 2008). 

This can have a huge effect the economy. In 1998 in Honduras, for example, a single storm, 

Hurricane Mitch, caused losses of $5 billion, or 38 percent of that country’s capital stock (Mirza 

2003). 

1.2.   Expected Effects of Climate Change on Agriculture in Latin America and the 

Caribbean 

Temperature increases stimulate respiration, which can increase growth, but this positive effect 

on yields is often offset by an increased prevalence of diseases, as pathogens are able to survive 

warmer winters, and because of lower water availability due to higher temperatures (Rosenzweig 

et al. 2001; Baez and Mazon 2008).  This presents a huge problem for crops that are already 

being grown close to the high temperature tolerance threshold. Yield declines have already been 

observed in several areas where this is the case, including Sonora, Mexico (maize yields) and 

coastal areas of Peru (mango and cotton yields) (IPCC 2007).  

Much of the research on crop yield effects is based on programming models that 

incorporate information on different climate change scenarios into the model in order to predict 

likely changes in yields stemming from climate change.  Climate variables generally include data 

on rainfall and solar radiation, in addition to temperature.  Adams et al. (1998) reviewed a 

number of studies that attempted to project yield decreases in major field crops in South and 

North America as a result of climate change through 2020. They reported projected maize yield 

declines of from 4 to 36 percent in Argentina, 2 to 25 percent in Brazil, and 6 to 61 percent in 

Mexico. The estimates for wheat had more interesting geographic variation, with an estimated 

decline of 30 percent in Uruguay and 15 to 50 percent in Brazil, but a projected yield increase in 

Argentina of 3 to 48 percent due to warmer temperatures. Jones and Thornton (2003) also used 

modeling to project an average yield decline of 10 percent for maize by 2055, but with dramatic 

variation across geographic areas. That study projected the largest yield declines in Venezuela, 

Uruguay, Belize, Guyana, and Brazil, but found that the yield of maize should actually increase 

in Chile and Panama by 2055. 

 Wheat is one the crops that has been the subject of most of the long-term research in 

Latin America. A long-term study of wheat in Yaqui Valley, Mexico (Ortiz et al. 2008) has 

shown that in some years, particularly 1991, wheat yields were very low because of high 

minimum temperatures, high rainfall, and low solar radiation levels caused by a severe ENSO 

event. This study provides good data for projections of the effect of climate change on wheat 
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yields in Mexico, and gives an idea of the strategies that would help to minimize the effects of 

climate variation. These strategies include growing varieties that can tolerate warmer 

temperatures, incorporating agroforestry to reduce temperatures, and shifting cultivation to other 

regions. Unfortunately, this type of detailed long-term data is currently lacking for many other 

crops and regions in Latin America. 

 The effects of climate change are expected to vary by crop. Models estimated by Lobell 

et al. (2008) showed that yields of potato, maize, barley, rice, and wheat in the Andean region, 

and of rice and wheat production in Central America and the Caribbean, will decline 

significantly, but that yields of cassava, sugarcane, soybeans, and palm in the Andes and of 

maize, cassava, and sugarcane in Central America will increase. Detailed data are lacking on 

many crop-region combinations. These gaps will need to be filled in the near future in order to 

enhance adaptation efforts, in particular.   

Mean estimates aggregated by country also hide important variation across different 

groups of people. Smallholder farmers in developing countries are most at risk to the negative 

effects of climate change (Eakin 2005; Morton 2007; Smit and Pilifosova 2003; Hertel et al. 

2010). Vulnerability to the effects of climate change, and thus food insecurity, is highest for 

groups that cultivate the most marginalized land, those with the lowest level of assets (and thus 

resources for adaptation), those with low access to technology and training, and those with low 

market power who are already vulnerable to input and output price volatility (Smit and 

Pilifosova 2003; Mertz et al. 2009). 

1.3.  Climate Change Adaptation and Mitigation Strategies for Agriculture 

Throughout history farmers have had to deal with climate variability using various coping 

strategies. As noted by Rosenzweig and Tubiello (2007), adaptation can be considered the “norm 

rather than the exception in agriculture.” However, the adaptation process is not instantaneous 

and even now often entails huge losses in the interim (Smit and Pilifosova 2003). This section 

examines existing autonomous adaptation strategies as well as those that can be promoted and 

encouraged by outside initiatives in the future. The same strategies that allow individuals to 

adapt to the effects of climate change in many cases also help to mitigate the causes of climate 

change by promoting carbon sequestration and decreasing emissions, so it is doubly in the 

interest of public institutions to support farmers in implementing these strategies (Delgado et al. 

2011).  

 Cooper et al. (2008) classify strategies for adapting to climate variability into three 

categories: ex-ante risk management options, in-season adjustment of management options in 

response to specific climate shocks, and ex-post risk management options that minimize the 

effects of adverse climate shocks to one’s livelihood. Ex-ante strategies include the choice of 

risk-tolerant varieties, crop diversification, investment in irrigation and other water management 

techniques, the use of terraces, cover-crops and other techniques to reduce erosion, and off-farm 
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employment. This category of strategies could also include data gathering to develop new 

calendars for planting and harvesting in response to a shifting hydraulic cycle (Valdivia et al. 

2010; Delgado et al. 2011). In-season options include adjusting labor for weeding and other 

inputs to yield expectations and replanting failed plants with early-maturing varieties. One 

extreme version of in-season adaptation, known as “response farming,” entails altering crop 

patterns in response to seasonal fluctuations in weather predicted by climate models. Though this 

type of adaptation is under study in some areas, its potential is limited because it requires a great 

deal of data and knowledge about the relevant farming system (Blench and Marriage 1998; Van 

Viet 2001; Lemos et al. 2002). Ex-post options include grazing animals on failed fields, distress 

sales of assets, borrowing, increasing off-farm employment, and cutting expenditures.  

 Crop diversification—which can include rotating crops, growing different varieties of the 

same crop, intercropping different species together in the same plots, and employing agroforestry 

methods—can help suppress pests and diseases and mitigate the risks from agronomic or market 

failure of any single crop (Zhu et al. 2000; Krupinsky et al. 2002; Tengö  and Belfrage 2004; Lin 

2011). Shade for agroforestry systems acts as a buffering mechanism to temperature variation 

and storm events (Lin 2007; Philpott et al. 2008; Lin 2011). In LAC, a great deal of staple crop 

production—more than 40 percent of cassava, 60 percent of maize, and 80 percent of beans—is 

already grown in polycultures as a risk-reduction measure (Altieri 1999). Other adaptive 

measures include early planting, switching to cultivars that mature more rapidly, and adopting 

cultivars with reduced vernalization requirements (Rosenzweig and Tubiello 2007).  

 Less intensively managed and more diverse farms were found to suffer lower losses from 

natural disasters like Hurricane Mitch in Nicaragua and mud slides in Mexico (Holt-Gimenez 

2002; Philpott et al. 2008). In a survey of 2,000 farmers in seven South American countries, Seo 

(2010) found that 42 percent of farmers operated mixed systems of both livestock and crops to 

mitigate risks, and that farmers in hotter climates with less rainfall were also more likely to have 

mixed systems. Economic analysis showed that in response to climate change predictions, land 

values should fall for all three systems, but only by 10 percent for the mixed system compared to 

20 percent for a system with crops only (Seo 2010). 

 However, it is far easier for farmers to adapt to a smooth change in temperature and 

precipitation levels than to adapt to an increase in variability, which is predicted under a number 

of climate change models (IPCC 2001). At present there is a dearth of research on strategies to 

address climate and yield variation, particularly in LAC. The research that does exist, primarily 

in North America and Europe, suggests that practices that can decrease the yield variability 

coefficient in the face of climatic variability include fallowing, crop rotation, integrated pest 

management, introduction of irrigation, and various soil and water conservation investments and 

practices (Rounsevell et al. 1999; Salinger et al. 2000 and 2005; Rosenzweig and Tubiello 2007).  

 Climate change adaptation and mitigation are intimately related not only to one another, 

but also to soil and water conservation practices. Climate change is expected to increase potential 
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erosion rates by 10–20 percent in extreme cases, as flooding increases run-off and as farmers 

move onto marginal land with steep slopes because temperature fluctuations make lower-altitude 

land unusable (Mendelsohn and Dinar 1999; Delgado et al. 2011).  Changing rainfall patterns 

and increased drought mean that water conservation is ever more important, while increasing soil 

fertility via conservation methods is critical to maintaining yields in the face of climatic 

variation. Conservation methods are also crucial for mitigation of climate change, since they help 

to decrease the level of chemical inputs like fertilizer, which generate high greenhouse gas 

emissions during manufacture and transport (Delgado et al. 2011).  

In terms of climate change mitigation, agriculture can contribute to reducing greenhouse 

gas emissions through three main pathways:   

(1) Engaging in on-farm practices that sequester carbon, such as the use of cover crops, and 

investing in soil and water conservation structures;  

(2) Engaging in practices that reduce on-farm greenhouse gas emissions, such as reducing 

fuel use associated with zero tillage and reducing inorganic fertilizer use through 

precision application; and 

(3) Reducing incentives to expand agriculture into currently existing forests.   

The remainder of this paper focuses mainly on the first pathway.  There is more extensive 

evidence on the second pathway, which is largely associated with large-scale commercial 

farming and far less relevant for most smallholders.  The third pathway is important in LAC.  

Forest degradation and deforestation is most severe in the Andean region of South America, 

Mexico, and Central America, where one-quarter of the vegetated land is degraded (Redclift 

1989; Pichón and Uquillas 1997). The rate of deforestation in South America remained high at 

about .43 percent per year over 2000–2010, and Central America currently has the highest 

deforestation rates in the world, at 1.2 percent annually over the same time period (FAO 2010).  

Nonetheless, this pathway has also been extensively covered, primarily in literature looking at 

deforestation rates more broadly (Gloor et al. 2012; Angelsen 2010; Angelsen and Kaimowitz 

1999).  

1.4.  Extent to which Climate-Smart Adaptation and Mitigation Strategies Have Been 

Adopted 

This paper focuses on four specific climate-smart agriculture practices that have dual benefits, 

and that contribute both to adaptation and mitigation of climate change: conservation agriculture, 

small-scale irrigation, agroforestry, and soil conservation structures. 

 Conservation agriculture has been defined by the United Nations Food and Agriculture 

Organization (FAO) as being comprised of three components: minimum soil disturbance, 

permanent soil cover, and crop rotation.  Unfortunately, not all studies on conservation 

agriculture use the same definition, and many studies provide evidence on the adoption of only 

one of the three components.  Bearing that in mind, the evidence still suggests that there has been 
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a rapid expansion of conservation agriculture worldwide in the past decade, with area under 

reduced or no tilling expanding from 45 million hectares in 1999 to 105 million hectares in 2008 

(Derpsch and Friedrich 2009). LAC is actually the region in the world with the highest level of 

adoption of conservation agriculture, with 49,586,900 hectares or 47 percent of the world’s total 

area under no-tillage. In 2007–2008, there were 25.5 million hectares under zero tillage in Brazil 

alone (38 percent of cropped area), 19.7 million hectares in Argentina (59 percent), and 2.4 

million hectares in Paraguay (54 percent). A number of other LAC countries also used 

conservation agriculture that accounted for 0.1–47 percent of cropped area (Garcia-Prechac et al. 

2004; Kassam et al. 2009).  

 The vast majority of conservation agriculture in LAC, and in the world as a whole, takes 

place on relatively large commercial farms using heavy equipment.  This is primarily because 

conservation agriculture reduces fuel requirements in these systems, and such farmers have the 

capacity to finance the use of herbicides (McCarthy et al. 2011; Wall 2007).  Many smallholders 

do not use fuel-based mechanization and so do not save fuel costs, and also cannot afford the 

higher costs of weeding.  However, there are a few exceptions, including 200,000 hectares of 

land farmed by smallholders in Brazil and 480,000 hectares in Paraguay. The smallholders in 

Paraguay are encouraged by government grants for no-till equipment provided to small farmers 

(Sorrenson et al. 1998; Wall 2007; Kassam et al. 2009). Conservation agriculture is currently 

mostly limited to a few field crops, primarily soybeans, maize, wheat, sunflower, canola, 

cassava, potatoes, and leguminous cover crops (Kassam et al. 2009).  

 Irrigation is another technology that can have a huge impact on insulating farmers from 

climate shocks, but which also tends to be used more by larger farmers and on an industrial 

scale. The adoption of irrigation also varies dramatically by geographic area, depending on the 

availability of water and the farming system. There were 263 million hectares of land irrigated 

worldwide in 1996, of which 17 million hectares were located in LAC (Howell 2001). Irrigated 

land accounted for 11 percent of cropped area in the region, though the level of irrigation 

differed by crop: 11 percent of wheat area, 44 percent of rice, 10 percent of maize, 19 percent of 

barley, 16 percent of sorghum, 35 percent of sorghum, and 24 percent of cotton (Ringler et al. 

2000). Agricultural land under irrigation increased by 72 percent worldwide between 1961 and 

1997, with Central America and the Caribbean experiencing an 80 percent increase (Lin et al. 

2008). 

 The portion of agriculture under irrigation also varies dramatically by country in LAC. 

For example, in 2010 Argentina had 1.55 million hectares under irrigation (4.7 percent of arable 

and permanent crop area), Brazil had 4.45 million hectares (6.8 percent), Chile had 1.1 million 

hectares (140 percent, because Chilean farmers irrigate during multiple seasons), Mexico had 6.3 

million hectares (23 percent), and Peru had 1.2 million hectares (27 percent).
2
 National 
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differences are shaped largely by water availability and irrigation infrastructure. For example, as 

of 2000 there were 532 dams in LAC built specifically for the purpose of irrigation, but 387 were 

located in Mexico, 48 in Brazil, and 46 in Chile (Ringler et al. 2000). 

 LAC as a whole has fairly abundant water resources, accounting for 30.8 percent of 

global available fresh water in a region with only 8.6 percent of the world’s population. But this 

resource is very unequally distributed across the region, with over 50 percent of the total found 

in the Amazon watershed alone (Ringler et al. 2000). In fact, 60 percent of the population of 

LAC is concentrated on only 20 percent of the land, with only 5 percent of the region’s available 

water. The countries with the most limited water resources are Barbados, the Dominican 

Republic, Haiti, and Peru. On the other hand, Belize, Guyana, Nicaragua, Panama, and Suriname 

have abundant water resources, and water available per capita is also fairly high in Brazil 

(Ringler et al. 2000).  

 With respect to agroforestry, three separate studies have estimated that approximately 1 

billion hectares of land are under agroforestry worldwide is (Dixon 1995; Ramachandran Nair et 

al. 2009; Zomer et al. 2009). Specifically in the LAC region, agroforestry covers between 200 

million and 357 million hectares, depending on the definition (a minimum of 10 percent or 30 

percent tree cover) (Somarriba et al. 2012). That breaks down to between 14 million and 26 

million hectares in Central America and the Caribbean and between 88 million and 315 million 

hectares in South America. The most common type of agroforestry throughout LAC is 

intercropping with shade trees and commercial crops, particularly coffee and cocoa, though 

silvopastoral systems and biodiversity-based sustainable forestry projects have also been more 

widely promoted in LAC than in any other region in the world (Vandermeer and Perfecto 2005).  

 Less information is available on soil and water conservation structures at more aggregate 

levels.  This is partly because this is a rather broad category that includes a number of different 

practices, including crop rotation and cover crops, which are also considered part of the 

conservation agriculture package. Several studies based on satellite imagery estimate that there 

are approximately 1 million hectares of terraced land in Peru, but much of it (61 percent in one 

area) has been abandoned (Denevan and Hartwig 1986; Masson 1984). Similarly, Wright et al. 

(2000) found that 80 percent of terraced land in northern Chile was abandoned. In both the 

Peruvian and Chilean cases this was linked to lower availability of water, since terraces 

traditionally were combined with irrigation (Guillet et al. 1987).  Nonetheless, such structures are 

particularly important in hilly areas, which are abundant in LAC. 

1.5.   Organization of the Paper 

The sections that follow discuss the four specific climate-smart agriculture practices, followed by 

a section on payment for environmental services contracts and weather insurance contracts.  

Each section first briefly describes each practice or contract, reviews the current evidence on 

                                                                                                                                                                                                    
 



10 
 

benefits to adoption, then examines factors that affect adoption levels.  Each section ends with a 

discussion on the implications of the current evidence for impact evaluations of future projects.  

The evidence base is very large for some practices and quite limited for others.  The final section 

provides concluding comments. 

2.  Conservation Agriculture 

As described above, conservation agriculture is a system of farming that employs a minimum of 

techniques that disturb the soil for planting; maintains permanent soil cover via crop residues, 

mulches, or cover crops; and employs crop rotation (FAO, 2010; Giller et al. 2009; Stagnari et al. 

2010). This system has several goals, including preventing soil erosion, maintaining soil 

structure, increasing organic matter content, and improving water infiltration and retention, all of 

which have the potential to increase long-term yields and reduce yield variability even in the face 

of climate change (Bot and Benites 2001). Some studies have shown that conservation 

agriculture increases the amount of carbon stored in soils, thus it may have some mitigation 

potential (La Scala et al. 2006; Stagnari et al. 2010). However, more recent studies have shown 

this potential to be fairly low under most agro-ecological circumstances (Govaerts et al. 2009). 

 While the potential agronomic benefits from the adoption of conservation agriculture are 

well established, its overall profitability will also be a function of the costs of adoption.  On the 

one hand, on large-scale, fuel-dependent mechanized farms, it enables farmers to no longer  pay 

the fuel and labor costs for multiple tractor passes to prepare and sow the land.  On the other 

hand, conservation agriculture often involves higher upfront expenses in the form of specialized 

equipment for sowing, as well as increased expenditures on herbicides or labor for hand-

weeding, particularly in the short to medium term (Wall 2007; Giller et al. 2009). Although the 

adoption levels of conservation agriculture in LAC are fairly high, they tend to be concentrated 

among wealthier farmers and industrial operations, though in some regions efforts have been 

made to better target smallholder farmers as well (Sorrenson 1998; Wall 2007; Kassam et al. 

2009). The remainder of this section covers empirical evidence on the estimated benefits of 

conservation agriculture in different regions of LAC, the main factors affecting its adoption, and 

recommendations for how to better assess the impact of future conservation agriculture projects 

in LAC, particularly among smallholders. 

2.1.   Effects of Conservation Agriculture on Crop Yields, Yield Variability, and 

Greenhouse Gas Emissions 

There are many empirical studies on the effects of conservation agriculture, both on soil 

properties and yields, in different LAC countries, though the vast majority of peer-reviewed 

literature focuses on tillage rather than the other two components of conservation agriculture. 

Another point that should be made early on is that the effects of conservation agriculture have 

generally been found to differ based on the type of soil, with a positive effect only expected on 

fine-texture soils because of increased risk of compaction and nutrient-leaching on coarse-
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textured soils (Giller et al. 2009). A study of conservation agriculture on several soil types 

throughout Brazil (Zinn et al. 2005) did find that in coarse-textured soils, no-till led to a 

reduction in soil organic carbon over time compared with conventional tillage. But in fine-

textured soils, like oxisols, this was not the case. For the literature reviewed below, the soil 

texture is not reported in each case (though the researchers invariably do report this), but note 

that when there is a positive effect of conservation agriculture the soil is mostly of a finer texture.  

 Alegre et al. (1991) reviewed the studies on conservation agriculture in LAC that had 

been conducted through 1990 and found that most rigorous studies took place in Brazil. The 

estimated effects of conservation agriculture varied by region and type of soil, but fairly 

consistent yield increases were found for no-till systems compared with conventional tillage. For 

example, Derpsch et al. (1986) found 19 percent higher wheat yields and 34 percent higher 

soybean yields under no-till in a seven-year experiment in Parana, Brazil, largely because water 

retention was consistently higher under no-till. A number of other studies in Brazil found that no-

till was the most effective system for promoting infiltration and reducing soil erosion (Mondardo 

et al. 1979; Sidiras et al. 1982; Roth et al. 1986). Eltz et al. (1989) found that no-till increased 

aggregate stability and nutrient availability in the upper layer of the soil, leading to a 22 percent 

increase in grain yields.  

 Alegre (1991) also reviewed three different studies that examined the effects of tillage on 

a sandy loam soil in Gualba Rio Grande do Sul, Brazil. Two of these studies found that soil loss 

was significantly lower for no-till compared to conventional systems (Machado 1976; Levien et 

al. 1990).  However, Bertol et al. (1989) found no significant difference in soil erosion between 

tillage methods, but instead found that the key component was maintaining ground cover. 

Machado (1976) also found that bulk density of soil under no-till was 11.5 percent lower and that 

soil organic matter was 127 percent higher.  In a 12-year study in southern Brazil, DeMaria et al. 

(1999) found that no-till led to higher levels of phosphorus, potassium, and soil organic matter, 

but to lower levels of magnesium, than conventional tillage. The study also found that crop 

rotation helped soils retain soil organic matter, but that none of these changes in soil properties 

led to different yields.  

 Garcia-Prechac et al. (2004) looked at the effects of no-till and crop-pasture rotation 

systems versus conventional tillage in Uruguay. The results showed that soil erosion was six 

times lower under no-till and three times lower under crop-pasture rotation when compared to 

conventional tillage. Soil organic matter accumulation was also higher under no-till when crop 

residues were left on the soil, and even higher under the crop-pasture rotation systems. By 

contrast, a study in eastern Paraguay and the adjacent areas of Brazil found that in the first years 

after a transition from conventional tillage to no-till, soil organic matter levels declined (from 

1.59 to 1.45 percent), though they increased again after 10 years under no-till (to 1.9 percent) 

(Riezebos and Loerts, 1998). Franchini et al. (2012) presented the results of a 23-year study of 

tillage and crop rotation in a wheat-soybean system in southern Brazil. They found that, with few 

exceptions, no-till showed  higher  soybean yields than conventional tillage from the seventh 
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year of the experiment onward (with the yield advantage of no-till increasing steadily over time), 

especially under crop rotation and  in  growing  seasons  with  lower  water  availability. The  

yields  of  wheat  and  maize  were  not  influenced  by  the  tillage systems,  but  wheat  yields  

were  increased  by  crop  rotation. 

 A few studies have focused on the effects of crop rotation or cover without also looking 

at tillage. For example, Calonego and Roselom (2010) specifically examined the effect of crop 

rotation on soybean cropping in Brazil compared to traditional crop succession with chiseling. 

Results showed that in the first year yields were higher with chiseling, but that rotation with 

pearl millet and triticale, because of their aggressive root systems, increased root penetration and 

yields in subsequent years even without chiseling. Scopel et al. (2004) provide a review of the 

potential and observed advantages of direct-seed mulched systems throughout LAC, including a 

chart of the different benefits provided by the most useful cover crop species. However, that 

study does not statistically estimate the effect of direct-seed mulched systems on soil properties 

and crop yield. 

 After Brazil, perhaps the second largest body of research on conservation agriculture in 

LAC has been conducted in Mexico. Long-term research by the International Maize and Wheat 

Improvement Center (CIMMYT) in El Batan, Mexico showed that over a 10-year period (1996–

2006) grain yields for both wheat and maize were consistently higher and more stable when 

grown under the full conservation agriculture recommended practices when compared to 

conventional tillage systems (Govaerts et al. 2005; Erenstein et al. 2012). According to Govaerts 

et al. (2005), average maize yield over 1991–2004 was 48 percent higher and that of wheat was 

27 percent higher in the no-till crop rotation system with (full or partial) residue retention 

compared to the plots with conventional till, continuous cropping, and no residue retention. 

However, these yield benefits did not manifest themselves until five years after establishment of 

the plots.  

 Results in Mexico when considering only partial adoption of the conservation agriculture 

package are more ambiguous. For example, Astier et al. (2006) conducted a two-year study in 

central Mexico on maize with green manures either left on the surface (not tilled) or incorporated 

(tilled) into the soil, and found that soil nitrogen and carbon as well as yields were higher under 

the system with incorporated green manures, though conventional tillage with no green manure 

had by far the lowest yields and soil nutrient levels. Roldán et al. (2003) compared no-till and 

conventional tillage systems with varying levels of retained residues in the Patzcuaro watershed 

in central Mexico and found that no-till had higher soil nutrient levels than conventional till, and 

that these levels increased further under higher levels of retained residue. That study did not look 

at yield effects.  

 There are also a number of studies of the effects of conservation agriculture in Argentina, 

particularly the Argentine pampas (Diaz-Zorita et al. 2002; Fabrizzi et al. 2005; Alvarez and 

Steinbach 2009), where the practices have been widely adopted (over 70 percent of the annual 
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cropping area was under no-till in 2009). Alvarez and Steinbach (2009) reviewed 35 different 

field experiments conducted in the region and found that water infiltration and aggregate stability 

were significantly higher in soils under limited tillage, but they found few other positive effects. 

In most cases no-till also increased soil compaction, so that soybean yields were not affected by 

the type of tillage, and wheat and corn yields were 10–14 percent lower under limited tillage 

without fertilizer (though not significantly different when fertilizer was added) (Alvarez and 

Steinbach 2009).  

 Another review of tillage in the Argentine pampas (Diaz-Zorita et al. 2002) utilized data 

from records of growers collected by the Regional Consortium for Agricultural Experimentation 

(CREA) and found that soil organic carbon was lower under moldboard plow and chisel-tillage 

systems than conservation tillage, and that soil organic carbon levels had a significant positive 

correlation with crop yields.  Fabrizzi et al. (2005) looked at the effect of tillage on a corn-wheat 

rotation in a different area of Argentina, near Buenos Aires, and found that no-till (compared 

with minimum till) led to higher water storage during the critical growth stage of corn and most 

of the wheat life cycle.  Wheat yields were the same in both systems, but corn yields were 

actually lower for no-till compared to minimum till with no nitrogen fertilizer, but the same 

when nitrogen fertilizer was applied. 

 Though many of the studies reviewed here found positive yield effects of conservation 

agriculture, particularly in the long term, there are other studies in LAC that have found negative 

yield effects. Barber et al. (1996) studied the effects of four different tillage treatments (no-till, 

flexible till, chisel plowing, and conventional disc tillage) on soil properties and crop yields in 

Santa Cruz, Bolivia. Results showed that after four years (eight seasons) the chisel plowing 

system had the lowest level of soil compaction, followed by conventional tillage, flexible tillage, 

and no-till. Yields significantly differed between treatments in only three of eight seasons, and 

they were highly correlated with soil compaction, so no-till had the lowest yields. However, no-

till resulted in the least chemical degradation, with higher soil organic matter and nitrogen 

content than other treatments (Barber et al. 1996). Basamba et al. (2006) compared no-till to 

minimum tillage under different crop rotation systems in Colombia and found moderately higher 

yields under minimum tillage and much more significant increases in yield due to crop rotation, 

particularly a maize-soybean-green manure rotation.  

 A great deal of evidence worldwide and in LAC suggests that conservation agriculture 

offers the greatest benefits in drier areas than in areas with higher rainfall. For example, trials in 

Jalisco, Mexico found that conservation agriculture led to 2.5 percent higher maize yields in 

zones with favorable rainfall (600–800 mm/year) compared to 74.4 percent higher yields in 

zones with marginal rainfall (400–600 mm/year) (Scopel 1996). Similarly, in another 

comparison of types of tillage in a semiarid zone of Mexico, Scopel et al. (2013) found that disk 

plowing resulted in the highest maize yields at the wetter sites but that conservation tillage 

produced the highest yields at the drier sites, under two different soil types. Analysis of soil 

properties under the different systems suggested that this difference is related to the fact that 
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water uptake is the most limiting factor for production in the driest areas, and no-till significantly 

increased soil water retention. 

 A study in central Mexico over three years (Monneveux et al. 2006) found that no-till 

caused lower biomass and grain yields and increased ear rot during the wet season, but that it led 

to superior root development and water uptake during the dry season.  Given both positive and 

negative effects of no-till, the study did not find a significant difference in yields. A long-term 

study of a rainfed maize system in the highlands of Mexico (Verhulst et al. 2011) found that 

yields under no-till exceeded those under conventional tillage by 31 percent on average from 

1997–2009, but that the benefit of no-till was especially pronounced in very dry years, 

particularly in 2009 when there was a prolonged drought and the no-till system had a yield 

benefit over other practices of 126 percent. The study by Franchini et al. (2012) in southern 

Brazil also found that over the long term, no-till and crop rotation promoted more stable yields, 

particularly in years with little rainfall.  

 A few studies have attempted to estimate the economic returns to farmers of adopting 

conservation agriculture practices, based on estimated yield benefits and changes in costs. In 

Nicaragua, Aleman (2001) reported a net return to no-till of $762.5/ha and to conventional till of 

$648/ha, while in the Dominican Republic, Thomas (1985) found a net return to no-till of 

$109/ha compared to $261/ha for conventional till. Knowler and Bradshaw (2007) analyzed 29 

different studies in developing countries worldwide and found a positive net present value (NPV) 

to conservation agriculture adoption in 89.7 percent of those studies. That analysis included 18 

studies in LAC, 88.9 percent of which had a positive NPV. 

 Conservation agriculture is also of interest because of its potential for climate change 

mitigation in the form of increased carbon sequestration. Evidence on the effect of conservation 

agriculture on carbon storage is mixed, however. Sisti et al. (2004) analyzed the differences in 

carbon levels in soils under no-till versus conventional tillage under several different crop 

rotation systems after a 13-year experiment in southern Brazil. Results showed that soil organic 

carbon was not significantly different between the two tillage treatments, though systems grown 

with vetch as a winter cover crop had significantly higher soil organic carbon levels. Manley et 

al. (2005) conducted a meta-regression analysis looking at the carbon accumulation under no-till 

and conventional till systems (using data from 51 different studies, or 374 total observations) and 

compared it to results of regression analysis on the cost of switching to no-till (using data from 

52 studies, for 536 total observations). Results showed that no-till was a low-cost way to 

sequester carbon in some regions ($10/tC), especially the southern United States, but very costly 

in other regions ($100-400/tC), particularly the U.S. Great Plains, because carbon storage was 

very low for no-till in the prairie soils.  

 Manley et al. (2005) included only eight studies from LAC, however, so no rigorous 

conclusions can be made about the cost of carbon sequestration in that region. With regard to 

carbon storage, Manley et al. (2005) included six different studies from LAC, including four 
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from Brazil. In all six cases carbon sequestration was higher under no-till than under 

conventional tillage, with the proportional increase ranging from 3.8 to 22 percent. In another 

study, La Scala et al. (2006) compared sugarcane in Brazil under no-till and conventional tillage 

and found that no-till resulted in significantly lower greenhouse gas emissions. 

 As noted above, the more recent research estimating the ability of conservation 

agriculture systems to increase the store of carbon indicates that large gains are unlikely, except 

under very specific circumstances.  And as will be discussed in Section 3.3, uncertainty in the 

likely sequestration gains has big effects on the sample size needed to ensure some confidence in 

measured effects (where the project hopes to establish these gains). 

2.2.  Adoption of Conservation Agriculture 

There is a fairly extensive literature that seeks to determine the factors affecting adoption of 

conservation agriculture practices, though relatively few of these studies have been carried out in 

LAC. Knowler and Bradshaw (2007) conducted the largest review of conservation agriculture 

adoption studies to date, covering 31 different analyses, of which five were based on studies in 

LAC. The factors that appeared most often in the studies analyzed included awareness of soil 

erosion problems, education, age, larger farm size, lower rainfall, presence of steep slopes on the 

farm, secure land tenure, off-farm income, extent of social networking with other farmers, 

extension services, and subsidies for the adoption of conservation agriculture. However, while 

many of these variables more often than not had a positive correlation with adoption, the results 

were mixed and inconclusive for age, farm size, rainfall, land tenure, off-farm income, and labor 

arrangement.  

 McCarthy et al. (2011) and Wall (2007) review the empirical evidence on major 

constraints to the adoption of conservation by smallholders, although again, much of the 

evidence is outside of LAC.  Nonetheless, the authors found the following costs and barriers to 

be most important empirically:  

(1) The need in many areas to use crop residues for animal feed;  

(2) Increased expenditures on herbicides and/or labor for weeding, at least during the initial 

years;  

(3) Weak links to extension services to acquire information on conservation agriculture 

(which is a relatively knowledge-intensive technology, at least initially); 

(4) Limited access to direct seeding equipment;  

(5) Limited availability of appropriate cover crop seeds in the market; and  

(6) Tight networks among farmers, which may work to reinforce traditional tillage practices.   

Thus, smallholder farmers in areas with more integrated markets, with higher labor 

availability, greater access to machinery and herbicides and other inputs, and who are in contact 

with extension services, would be more likely to adopt conservation agriculture practices.  
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 A few studies look specifically at the factors affecting the adoption of conservation 

agriculture in LAC. De Herrera and Sain (1999) examined the adoption of no-till for maize in 

Azuero, Panama and found that it was largely motivated by potential cost savings (fuel) in the 

short term rather than by longer-term considerations such as reduced soil erosion. Results of the 

empirical analysis showed that factors affecting adoption included land tenure (renters were less 

likely to adopt than landowners), lack of access to direct seeding equipment, and lack of 

information on conservation agriculture technologies. A case study of the adoption of 

conservation tillage in Guaymango, El Salvador by Sain and Barreto (1996) found widespread 

use of the practice (with 94 percent of cropped area under conservation agriculture by 1983) 

because of two major factors: first, the combination of components to increase productivity with 

elements to improve environmental sustainability into a clear “package” of recommended 

practices; and second, the use of incentives to encourage adoption of conservation agriculture 

(improved credit and input access). The authors also found that areas with more cattle, a longer 

grazing period, and a high market value for crop residue had lower rates of conservation 

agriculture adoption.  

 In a study of the adoption of mulching with crop residues and cover crops, Erenstein 

(2003) found that adoption was much higher among large-scale farmers, particularly in no-till 

systems in the southern cone of South America, and that successful adaptation of mulch drills 

was crucial in promoting adoption. Erenstein et al. (2012) also found that the adoption of 

conservation agriculture in Mexico is low among smallholders because of lack of access to seed 

drills and other necessary inputs, the need for techniques less reliant on herbicides, and 

competition for crop residues to feed livestock. Though outside of LAC, Ersenstein et al. (2012) 

found that in recent adoption studies in India, 60 to 74 percent of no-till adopters did not own a 

drill and instead gained access to one via a producer cooperative or a service provider who rented 

out a machine to them. Apparently, there is little empirical evidence of this type of drill provision 

in LAC.   

 Neill and Lee (2001) did not study conservation agriculture adoption directly, but rather 

examined the dis-adoption of maize-velvet bean crop rotation systems in Honduras, which is 

highly related to conservation agriculture. This crop rotation system was used widely in the 

1970s and 1980s, but by 1997 only 38 percent of surveyed farmers still used it, 45 percent had 

previously used it but since abandoned it, and 16 percent had never adopted it. The key 

motivations for abandoning the system were rising weed pressure, which was more difficult to 

deal with under the rotation system; decreased tenure security, including reclamation of parcels 

by the landowner; preference for switching to pasture or another crop as market values for 

products changed; lack of sufficient land (with land sizes shrinking and minimum parcel sizes 

necessary to practice the rotation profitably); and the high cost/difficulty of herbicides or other 

maintenance. 

 Most studies analyzed by Knowler and Bradshaw (2007) indicated a positive correlation 

between overall income and adoption (Gould et al. 1989; Saltiel et al. 1994). Experience has also 
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been found to be positively correlated with adoption (Rahm and Huffman 1984; Clay et al. 1998) 

or insignificant (Traoré et al. 1998), but was never found to be negatively correlated with 

adoption. Likewise, education was found to be positively correlated with adoption in most cases 

(Rahm and Huffman 1984; Shortle and Miranowski 1986; Traoré et al. 1998). In several studies 

of soil conservation adoption, farmers’ opinions on the severity of soil erosion in their area were 

a significant factor (Allmaras and Dowdy 1985; Shiferaw and Holden 1998; Traoré et al. 1998). 

Related to this, farms with medium (10–40 percent) or very steep (>40 percent) slopes were 

found in many studies to have a significantly higher likelihood of adopting conservation 

agriculture (Shiferaw and Holden 1998; Soule et al. 2000; Neill and Lee 2001).  

 Access to information on the relevant technology via extension services, connections to 

other farmers, and other sources is expected to have a significant positive correlation with 

adoption. Empirical evidence tends to support this hypothesis. Several studies directly included 

availability of information as a variable and found a positive correlation with adoption (Traoré et 

al. 1998; Prokopy et al. 2008). Other studies found a correlation between adoption and a specific 

source of information, such as visits from extension agents (Feder and Umali 1993; Fujisaka 

1994), experience working with an NGO (Bandiera and Rasul 2006), or participation in field 

trials and workshops (Traoré et al. 1998).  

 Several studies have shown that social network effects play a major role in the adoption 

of new technologies more generally (Conley and Udry 2003; Bandiera and Rasul 2006; Knowler 

and Bradshaw 2007; Prokopy et al. 2008). Few of these studies were undertaken in LAC, 

however.  Similarly, several studies on the adoption of conservation agriculture found a positive 

correlation with membership in a producer organization (Smit and Smithers 1992; Traoré et al. 

1998; Swinton 2000), though not necessarily in LAC.   

 Ding et al. (2009) specifically considered the possibility that an increase in climate 

change, and the ensuing increase in droughts, might increase farmer interest in and adoption of 

conservation agriculture techniques. They use Zellner’s  “Seemingly Unrelated Regression” 

technique and panel data from states in the Midwestern United States to estimate the rate of 

adoption of no-till and conservation tillage compared to conventional tillage. Results showed 

that, controlling for other factors, extremely dry conditions in recent years increase the adoption 

of conservation tillage, while spring floods in the year of production reduce the use of no-till. 

  To summarize, the most important constraints to the adoption of conservation agriculture 

in LAC and elsewhere have been identified as limited availability of and access to equipment 

and other inputs (herbicides), and high opportunity costs of crop residues as soil cover.  On the 

other hand, larger farmers, especially those reliant on fuel-based mechanization, are more likely 

to adopt conservation agriculture, as are farmers with secure tenure and/or who own the land 

farmed, who have greater access to information on conservation agriculture (e.g., through 

extension), and who are located in areas prone to soil erosion and lower rainfall. 
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2.3.   Lessons for Future Conservation Agriculture Projects and Impact Analyses 

This review of the conservation agriculture literature suggests a number of recommendations for 

how to structure impact analyses of future conservation agriculture projects in LAC. First, it is 

apparent from the literature that the vast majority of current empirical studies of the effects of 

conservation agriculture are restricted to just a few countries, primarily Brazil, Mexico, and 

Argentina. These effects cannot necessarily be generalized to other countries and regions 

because conservation agriculture has different effects depending on the climate and soil type in a 

given area (Zinn et al. 2005; Giller et al. 2009). Perhaps more importantly, experiences in these 

three countries are dominated by farmers who rely on fuel-based farming systems, which have a 

completely different cost-benefit structure than smallholder systems that use no fuel or limited 

amounts of it.  Thus, it is critical to generate information from impact assessments for 

smallholder systems, and such assessments need to control for a number of differences expected 

to affect the size of potential gains, including climate and agro-ecological characteristics.  An 

impact assessment that includes farmers using both fuel-based and nonfuel-based systems will 

need to stratify by these characteristics, particularly if the goal is to understand not just impacts, 

but factors affecting successful adoption in the first place.  Similarly, if control groups are to be 

selected, they must reside in areas of similar agro-ecological and climate conditions, and 

obviously must also have producers operating under similar farming systems. 

Because conservation agriculture is composed of three separate components—reduced or 

no tillage, crop rotation, and retention of ground cover through crop residues or cover crops—it 

has proven difficult to tease out the effects of each of these components individually or in 

combination. Where studies have tried to do this, they have found that benefits are much higher 

with the entire conservation agriculture “package,” and that adopting no-till alone, for example, 

may result in negligible or even negative yield effects (Sisti et al. 2004; Basamba et al. 2006; 

Rusinamhodzi et al. 2011; Erenstein et al. 2012; Franchini et al. 2012). Each component also 

includes a number of practices that may satisfy it.  For instance, some project implementers may 

consider that both no-till and another reduced-till method satisfy minimum soil disturbance; that 

permanent ground cover may be achieved through crop residues or through cover crops or other 

green mulches; and that many different crops can be used in a rotation but with potentially 

different effects.  It is crucial that the range of practices adoptable under a conservation 

agriculture project be identified before any baseline data are collected.  More importantly, 

because this is a package, the impact assessment sampling framework must account for the 

likelihood of partial adoption of different combinations of the package, as well as nonadoption. 

In the literature, this is often referred to as “failure to follow treatment protocol” (Winters et al. 

2010).  Differential adoption levels by the “treated” group can have big effects on the sample 

size needed to recover effects of adoption.  An impact assessment team would need to sit down 
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with project implementers and discuss which combinations could reasonably be assessed, and 

which cannot be assessed given budget and logistical reasons.  In addition, recall that many of 

the empirical results above compared “conventional” practices not only to different conservation 

agriculture systems, but also to altering additional inputs such as fertilizer.  The point is that 

complex “package” projects need to be assessed in detail between the impact assessment and 

project implementation teams to isolate exactly what the impact assessment can hope to recover, 

especially given budget constraints on the sample size.  

Another lesson from existing studies is that it is crucial to conduct long-term studies of 

the effects of conservation agriculture on crop yields. Many of the studies that found no 

significant effects of conservation agriculture on soil or yields were carried out over five years or 

less (Astier et al. 2006; Roldán et al. 2003), but the longer-term studies all found positive results 

from the adoption of conservation agriculture (Erenstein et al. 2012; Franchini et al. 2012).  The 

long-term impact on yields has a number of implications for the design and implementation of an 

impact assessment.  The long time scale needed to quantify ultimate effects on yields has fairly 

severe implications for attempting to implement any type of randomized treatment, and even for 

determining appropriate control groups ex ante, particularly given the likelihood of attrition. 

Alternatively, intermediate outcomes that are likely to accrue more quickly and are linked with 

higher yields in the long term can be identified from the agronomic literature.  These 

intermediate outcomes would relax the rather severe constraints imposed by long time-lag effects 

on yields. Such outcomes include reduced soil erosion, soil moisture content, and soil nutrient 

levels, among others. 

Related to the above discussion, a good deal of empirical evidence suggests that projects 

implemented in relatively dry areas but with fine soils less prone to compaction may lead to 

observable short to medium-term effects on yield variability, or more specifically, to higher 

yields in low rainfall years vis-à-vis those practicing conventional methods (Scopel 1996; Scopel 

et al. 2013; De Vita et al. 2007; Monneveux et al. 2006; Verhulst et al. 2011).  This is 

particularly important for conservation agriculture projects that are trying to establish a link to 

climate change through increased adaptive capacity and resilience, since it is expected that in the 

short to medium term, climate variability will be a greater challenge than changes in mean 

precipitation (IPCC 2001; Zegarra 2005; Rozensweig and Tubiello 2007).  Thus, an impact 

assessment may pick up important information on the effects of conservation agriculture on 

yields in dry years in the shorter term, before the impact on mean yields shows up.  Such an 

impact would more likely be seen in relatively dry areas subject to erratic rainfall patterns; 

relatively high rainfall areas with a lower likelihood of significant rainfall deficits would not be 

good candidates.  Additionally, given that recall information on yields diminishes over time, it 

would be imperative that the impact assessment team be flexible enough to implement a post-

baseline survey in the event of a poor rainfall event.  In other words, if the impact assessment 

aims to pick up a baseline and then a final survey at the end of five years, but poor rainfall occurs 

in the third year, it would be best to collect information after harvest during that third year.  
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As described in detail in Winters et al. (2010) and Duflo et al. (2008), it is always a good 

idea to pick up additional information in the baseline and final surveys that can subsequently be 

used to:  

(1) Provide evidence that the evaluation strategy chosen is appropriate for the circumstances;  

(2) Reduce standard errors and thus the sample size required to reach significance and the 

power levels desired; 

(3) Provide additional information on which to recover estimates of impact if implementation 

of the evaluation strategy does not proceed as planned; and  

(4) Provide information on factors affecting the extent of adoption in order to inform future 

project design. 

 Finally, the review also suggests that the information on climate change mitigation—

specifically carbon sequestration under conservation agriculture—is still very limited (Sisti et al. 

2004; Manley et al. 2005). There is limited research across a wide variety of conditions (soil 

types, climates, countries) and of combinations of the three different conservation agriculture 

components to guide impact assessment of carbon sequestration. Also, there is limited research 

using the large sample sizes required to detect a statistically significant change.  Because 

establishing such an impact would be important to enable smallholder farmers to connect to 

global carbon markets (formal and informal, public and private), it may be worth the costs of 

undertaking this assessment for specific projects. However, costs must be realistically assessed at 

the outset, and these costs will largely be a function of a conservative sampling strategy in the 

absence of good data on which to calculate the sample size.  Also note that the unit of analysis 

relevant for assessing carbon sequestration is going to be some unit of land area, and not the 

household. 

3.  Irrigation 

 

Irrigation reduces farmers’ reliance on natural rainfall patterns, which in general reduces 

vulnerability to climatic variation.  There are a number of different irrigation systems, including 

surface (flood or canal/furrow), sprinkler, and drip irrigation (surface or sub-surface). The source 

of irrigation water also comes from many different sources, including hand-drawn or pumped 

well water, water diverted from natural rivers, or water delivered via diversion canals from man-

made reservoirs or run-off catchment structures.  

Larger irrigation projects require significant infrastructure investment and often involve 

the local or national government. Government institutions then often remain involved in 

managing water distribution and allocation and infrastructure maintenance. There are also micro-

irrigation technologies, however, that require lower levels of investment and can be 

accomplished by individuals or local communities. Finally, there are technologies and methods 

that aim to increase water-use efficiency of cropping systems, including “deficit irrigation” in 

which water is only delivered during the crucial growth stages of a crop.  Given the emphasis 
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here on climate change and agriculture, it is particularly important to consider the water-use 

efficiency of irrigation systems, since that efficiency has major implications for how effectively 

irrigation systems can maintain production in the face of drought, for instance.  This section 

explores the literature on the estimated effects of these different forms of irrigation and methods 

to increase water-use efficiency, as well as the determinants of adoption of these technologies, 

with a focus on smallholder production systems. 

 

3.1.   Effects of Different Types of Irrigation on Crop Yields, Water-Use Efficiency, Yield 

Variability, and Greenhouse Gas Emissions 

Worldwide, irrigated land comprises 15 percent of total cropped area but supplies 36 percent of 

production (Howell 2001). The disproportionate share of production on irrigated land is even 

greater for some middle-income countries: 70 percent of grain in China and 50 percent of grain 

in India is produced on irrigated land, while in Brazil only 5 percent of cropped land is irrigated 

but this accounts for 35 percent of production (Howell 2001; Laclau and Laclau 2009).  Across 

LAC, those countries with the highest cereal production are also those with the highest 

proportion of irrigated land (Ringler et al. 2000; San Martin 2002). This indicates that irrigation 

significantly increases yields, though the amount of this increase varies widely by crop, irrigation 

system, and geographic location. Irrigation not only helps increase yields on existing land, it also 

enables cultivation of land that would not be arable without irrigation technology. Across LAC 

there is a great deal of potential for increased irrigation development, particularly in countries 

that currently exploit less than 2.5 percent of available water resources, including Brazil, Bolivia, 

Colombia, Ecuador, and Venezuela (San Martin 2002). 

While there is considerable evidence that irrigation increases yields, there is less evidence 

regarding which crops use water most effectively.  For instance, a field experiment of two 

varieties of wheat in Londrina in the state of Paraná, Brazil found that irrigation increased the 

yields of both varieties by an average of 51.5 percent (Destro et al. 2001), even though one 

variety was less sensitive to water stress than the other.  More recently, Cesano et al. (2013) 

collected data on irrigation in seven different districts in Brazil and found that in all of them the 

average benefits of irrigation (in terms of production and revenue increases) outweighed the 

costs, with annual net profits from irrigation ranging from 17 to 126 percent across the different 

districts.  Nonetheless, across LAC, irrigation efficiency currently ranges from 30–40 percent 

(San Martin 2002), so there is a lot of room for improvement. According to Ringler et al. (2000) 

increased efficiency of irrigation systems, and agricultural water use in general, should be a key 

priority for LAC in its attempt to deal with climate change. A number of studies have 

investigated various measures to increase water-use efficiency, including use of drip irrigation 

with sensor technology, which automatically irrigates when soil moisture drops below a certain 

level (Dukes et al. 2003; Erdem et al. 2006). Unfortunately there are few studies on the effect of 

such technologies in LAC, even though they are likely to be cost-prohibitive for many farmers.  
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There is also a fairly extensive literature in Brazil that seeks to determine the optimal 

type and level of irrigation for certain commercially important crops like processing tomatoes 

(Silva and Marouelli 1999; Marouelli et al. 2003; Marouelli and Silva 2007). Marouelli and Silva 

(2007) explained that drip irrigation is superior to surface or deficit irrigation systems for 

processing tomatoes because it reduces water use by 30 percent while not adversely affecting 

yields. They then tested a number of different levels of drip irrigation at various life stages of 

processing tomato growth in order to develop the optimal irrigation strategy for the crop under 

local conditions 

 Another way to increase water-use efficiency is a system called deficit irrigation, which 

has received more attention in LAC. It involves irrigating only at critical growth stages of a 

plant. According to Geerts and Raes (2009), this type of irrigation will not necessarily maximize 

yields, but can help stabilize yields and optimize water productivity. The difficulty arises in that 

deficit irrigation requires extensive knowledge of the physiology of a crop (Kirda et al. 2005), 

and thus successful scale-up in LAC would require more information on the effects of deficit 

irrigation on a wider range of crop varieties, and across a wide range of regions and 

environments. The review of deficit irrigation worldwide by Geerts and Raes (2009) included 

only two studies Latin America, specifically in Brazil and Bolivia (Marouelli and Silva 2007; 

Geerts et al. 2008). Geerts et al. (2008) tested the effects of deficit irrigation on quinoa 

production in the Bolivian altiplano. Results showed that at one site with adequate rainfall during 

the crucial growth stage, deficit irrigation had no effect on yields, but that yields were 147 

percent higher under deficit irrigation at the site with low rainfall. The results also showed that 

deficit irrigation enabled stabilization of quinoa yields at 1.2–2 Mg/hectares while requiring half 

the water of full irrigation.  

3.2.   Adoption of Irrigation and/or Participation in Public Schemes 

Despite the potential of irrigation to stabilize and increase yields in areas with limited rainfall, its 

adoption, particularly by smallholders, remains limited in LAC. There is quite an extensive 

literature on irrigation adoption in developed countries that looks either at the choice to irrigate 

at all or the type of irrigation system chosen (Caswell and Zilberman 1985; Dinar and Yaron 

1992; Negri and Brooks 1990; Dinar and Zilberman 1991; Mendelsohn and Dinar 1999; 

Koundouri et al. 2006). Results of these studies generally suggest that the significant factors 

affecting irrigation adoption include farmer income/wealth level, the price of water, the cost and 

availability of irrigation inputs, crop prices, farmer organization characteristics, soil type, and 

climate conditions (ambient temperatures and average precipitation). Koundouri et al. (2006) 

specifically look at the decision of farmers in Greece to adopt more efficient irrigation 

technology under a situation of increasing uncertainty due to climate change. They found that 

farmers did, in fact, choose to adopt the technology in order to hedge against production risk, and 

that farmers in areas with a higher aridity index were more likely to adopt. They also found that a 

number of human capital variables such as education, receipt of extension services, and 

awareness of climate change increased adoption. 
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 Mendelsohn and Seo (2007) developed a theoretical model of farmers’ choices of farm 

type (crops, livestock, or both) and whether or not to irrigate, and they tested the model using 

data from 2,000 farmers across Latin America. Results showed that the decision to adopt 

irrigation was significantly affected by average temperatures and precipitation, the type of 

farming adopted, and soil type. Seo (2011) analyzed public and private irrigation schemes in 

South American countries. In the sample, 65 percent of farmers used no irrigation, 21 percent 

relied on public water schemes for irrigation, and the remaining 15 percent used private 

irrigation schemes. Results showed that public irrigation has not increased in response to 

increasing temperatures, though private irrigation has increased. Furthermore, private irrigation 

investment is done gradually, while public irrigation investments are distributed  in lump sums 

with large time gaps, which often results in local overprovision or underprovision of services. 

Dinar and Keck (1997) also looked at private irrigation investment in LAC, specifically in 

Colombia, and found that it was significantly influenced by violence, climate, and governmental 

price and credit policies. 

 Cunha et al. (2013) conducted an empirical study of the determinants of irrigation 

adoption among smallholder farmers in Brazil. They expressly wanted to investigate the role of 

irrigation in climate change adaptation, so they included a number of climate variables. Results 

showed that increased winter temperatures, increased temperature variability, decreased mean 

and winter precipitation, higher water resources in a region, increased soil erosion, Internet 

access, and higher education levels all increased the likelihood of a farmer adopting irrigation.  

 Cesano et al. (2013) discussed efforts by a local organization, Adapta Sertão, to help 

smallholder farmers in a semiarid region of Bahia, Brazil adapt to climate change. The 

organization’s principal initiative is facilitating adoption of drip irrigation. This is a pilot project 

implemented in Bahia since 2006 in four municipalities. The project first identified private 

vendors of drip irrigation systems who were interested in expanding their markets, and 

subsequently created partnerships between these vendors and local farmer associations for 

distribution and promotion. Adapta Sertão also successfully piloted microfinance programs to 

help farmers pay for the irrigation technologies. Finally, the organization conducted weekly 

monitoring of the systems, including crop yields, costs, and revenues. This enabled Adapta 

Sertão  to show that drip irrigation was highly profitable, thus attracting more farmer interest and 

investment by various organizations.  

Many smallholders rely on publically funded surface water schemes such as large or 

small dam gravity-based surface/canal schemes.  Expansion of these schemes may be an 

attractive option, particularly where private irrigation systems are simply not technically possible 

or cost-attractive.  Many such schemes rely on local user groups to manage and maintain these 

systems, with varying degrees of success.  One of the biggest factors explaining success around 

the world, and in a few cases in Latin America, is heterogeneity among irrigators. 

Socioeconomic heterogeneity makes it harder to rely on moral suasion to monitor and enforce 

rules.  Economic heterogeneity means that different irrigators face different costs and benefits, 
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with resulting different incentive structures to maintain irrigation infrastructure.  Dayton-Johnson 

(2000) looks at how different governance systems—one that does not take into account 

heterogeneity and another that attempts to allocate costs in proportion to benefits—affect 

aggregate maintenance efforts.  Proportional cost allocation rules increase aggregate 

maintenance efforts, and are more likely to be chosen in older schemes and where irrigators are 

indeed more heterogeneous.  However, if equal cost allocation prevails, economic heterogeneity 

negatively affects maintenance efforts (Bardhan and Dayton-Johnson, 2007; Dayton-Johnson, 

2000).  McCarthy and Essam (2009) also find a negative impact of economic heterogeneity on 

collective maintenance, with subsequent negative effects on crop yields.  Additionally, they find 

that other characteristics of the water-user association—such as the number of members, 

connections with supra-community organizations, and decision-making processes—explain a 

great deal of the variation in successful infrastructure maintenance.  Individual farmer 

characteristics positively associated with contributions to maintenance include larger 

landholdings and other agricultural assets, more educated households, and households with a 

younger household head. 

3.3.   Lessons for Future Irrigation Projects and Impact Analyses 

This review suggests that irrigation can have a dramatic effect on stabilizing and increasing 

yields of many crops, and that farmers are increasingly interested in irrigation because of 

increased climate variability (Mendelsohn and Dinar 2003; Koundouri et al. 2006; Cunha et al. 

2013). Though a few studies have addressed this topic, more research is clearly needed on the 

effect of different irrigation systems in terms of both water-use efficiency and on yields of 

different important crops in LAC in order to determine the technologies to help farmers achieve 

optimal yields with the lowest amount of water (Ringler et al. 2000; San Martin 2002).  

There have been very few rigorous impact assessments of the net returns to irrigation for 

the different technologies.  While there are sufficient data to substantiate that yields increase and 

become more stable, costs to farmers can also be quite high, and water-use efficiency differs 

across the systems.  It is important to note that much of the irrigation research summarized above 

has been conducted at research stations under controlled conditions. For private irrigation, only 

Cesano et al. (2013) gathered data directly from farmers using private irrigation systems and then 

used the data to assess the economic benefits of adoption.  There remains limited evidence on 

farm households’ net revenues, and especially water-use efficiency, via-à-vis public schemes, 

particularly those that are essentially managed at the local level by water-user associations. What 

we do know is that the structure and functioning of the local association is likely to be a key 

factor in explaining both maintenance of the system and subsequent effects on farmers’ well-

being and efficient water use (McCarthy and Essam 2009; Bardhan and Dayton-Johnson 2007).   

 There are a number of implications for designing a rigorous impact assessment given the 

studies reviewed above.  Three broad categories of irrigation projects can be analyzed:  
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(1) Those where the counterfactual is no irrigation (e.g., public investment in large dams or 

small-dam infrastructure);  

(2) Individual investment in irrigation infrastructure with the counterfactual still being no 

irrigation; and 

(3) Interventions designed to improve efficiency and resilience of an already-existing 

irrigation system.   

In the first category, in many cases, the counterfactual of no irrigation in the absence of 

the intervention will likely be easy to motivate (e.g., where private investments are not cost-

effective), but even here, picking up information on control farmers outside the scheme can be 

important to verify ex-ante assumptions on net revenue trends in the absence of irrigation, and to 

confirm continued lack of incentives for private investment in irrigation infrastructure. This is 

particularly important when there will only be one “treatment” (one large dam irrigation scheme) 

and where farmers subsequently participating in the scheme are quite similar in terms of wealth, 

ability, productive assets, etc.
3
  Also, the evaluation team must make sure it understands—and 

can obtain information on—criteria for participation in the scheme.  There may be options to 

introduce some randomness—for instance, if more farmers are eligible than plots available, a 

lottery system may be employed. 

 As noted above, public schemes have not been as responsive as private investment to 

increasing investments in irrigation in the face of uncertainty introduced by climate change.  This 

suggests that smaller-scale projects operated by local microfinance organizations or producer 

cooperatives might be more successful in both promoting and distributing irrigation technologies 

to smallholder farmers (Seo 2011; Cesano et al. 2013).  For private investment, probably the 

most important characteristic for a control group would be that the controls be located in an area 

that has roughly similar water resources, and thus where farmers face the same costs in financing 

private investment in irrigation.  Alternatively, an “encouragement” design could be employed, 

possibly implemented through producer cooperatives and microfinance organizations, that could 

help tease out effects.  Since it is unlikely that all farmers exposed to the intervention will be 

willing and able to finance irrigation, random encouragement can be used as an instrument for 

actual investment, which can subsequently be used to assess effects on yields, net revenues, etc.  

Random encouragement can take many forms, but it is critical that the encouragement itself not 

directly affect the outcome measures, such as yields.  So, for instance, both vouchers to reduce 

input costs or a training course on irrigation infrastructure would affect yields only through the 

adoption of irrigation.  A training course that covered many more topics, however, might affect 

yields directly, as well as indirectly through irrigation. Additionally, an encouragement incentive 

needs to be well designed so that take-up is sufficiently higher among those encouraged versus 

                                                             
3
 When the unit of treatment is “clustered” above the unit of observation (generally households), the determination 

of sample size will be a function of intra-cluster versus inter-cluster variation.  For instance, if individuals within a 

cluster have very similar characteristics, then it is better to sample a larger number of clusters and fewer individuals 

per cluster.  However, this does not work when the number of treatment clusters is very small.  This means it is 

critical to find a compelling control group.   
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those not encouraged. This requires a good understanding of the efficacy of different 

encouragements, and likely some pre-testing.  Finally, it is critical to remember that the follow-

up survey must cover all those who were originally encouraged and not encouraged. This may 

sound straightforward, but earlier studies simply dropped those that were encouraged (or were at 

least “intended to be treated”), as documented in Duflo et al. (2008). 

There are too many different possible project designs aimed at improving water 

management to consider each type individually.  Instead, we will focus on those projects 

attempting to increase water-use efficiency within existing irrigation systems.  Many 

interventions will be undertaken on existing public (government-managed) or collective (user-

managed) schemes, where the treatment unit will likely be higher than the individual (e.g., a 

water-user association).  This means that cluster treatment design must be accounted for in the 

sample size determination, being mindful of potential problems cited in footnote 3.  Spillovers 

and externalities arising from individual actions are almost certain to affect others within the 

irrigation system.  First, the sampling design, and particularly the choice of controls, needs to 

account for these externalities.  Basically, this strongly suggests that control irrigators should not 

be located within the same irrigation scheme. As with conservation agriculture, partial 

compliance and noncompliance by individual irrigators within these schemes may be a problem.  

It will be crucial to get information on factors that help explain partial compliance or 

noncompliance, factors likely to be tied to both individual farmers as well as water-user 

associations (population densities, socio-cultural and economic heterogeneity, etc.).   The 

importance of group-level factors in explaining successful maintenance of irrigation 

infrastructure means that sampling should include many clusters.  

Finally, in almost all cases, farmers will still be able to self-select which crops to grow, 

and crop choices can have big effects on water-use efficiency.  If the goal is to assess the effects 

by crop, it will be critical to identify specific “major” crops that are likely to be grown ex ante in 

order to get a reasonable estimate of the proportion of each crop likely to be grown, and thus to 

determine the sample size needed. 

 With regard to covariates of adoption, this review shows that farmers are increasingly 

interested in adopting irrigation technologies, particularly technologies with greater water-use 

efficiency, because of the increased risk of climate variability (Koundouri et al. 2006; Cunha et 

al. 2013). But the wealth level of farmers, crop prices, and input costs are major determinants of 

irrigation adoption—installing irrigation is an expensive investment that many smallholder 

farmers do not find affordable (Mendelsohn and Dinar 1999; Koundouri et al. 2006; Cunha et al. 

2013; Cesano et al. 2013).  Current studies also indicate that smallholder farmers who face a 

higher risk from climate change (i.e., those who live in areas with higher temperature variability, 

lower precipitation, and high soil erosion) are most likely to irrigate (Cunha et al. 2013). Future 

projects aimed at promoting irrigation could consider targeting these most at-risk areas first, 

since this would likely generate the highest impact per farmer and maximize the rate of adoption. 

Smallholders who farm only crops, as opposed to those who also raise livestock, are also more 
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likely to irrigate (Mendelsohn and Seo 2007).  And for smallholders reliant on local irrigation 

schemes organized through water-user associations, it will be important to collect information on 

socio-cultural and economic heterogeneity, as well as other characteristics affecting the structure 

and function of the association. 

4.  Agroforestry 

 

Agroforestry is a broad term that encompasses a number of different practices but essentially 

amounts to incorporating trees into agricultural systems to increase sustainability (Steppler and 

Nair 1987). It can include direct intercropping of timber or native shade trees with other 

agricultural crops, either annuals or perennial tree crops. Agroforestry also encompasses 

silvopastural systems, wherein livestock are grazed on forages grown under tree canopy, and 

improved fallow systems with fast-growing leguminous trees are used to more rapidly restore 

fertility to degraded soil. In all these different systems, trees are incorporated into the landscape 

in several different ways, including block planting, alley cropping, contour planting,  border 

planting for live fences, and as windbreaks (Current et al. 1995). This section reviews studies on 

the effects of these various types of agroforestry systems on environmental sustainability, yields 

of agricultural products, and farmer incomes in LAC. It also reviews studies of the factors 

affecting agroforestry adoption. The section then discusses implications of the literature on 

future agroforestry projects and impact assessments. 

 

4.1.   Effects of Agroforestry Practices on Crop Yields and Greenhouse Gas Emissions 

Agroforestry also can play a significant role in adaptation to climate change: deep roots enable 

trees to access more water, increase soil porosity, reduce run-off and increase soil cover (which 

increases infiltration and thus water-use efficiency), have higher evapotranspiration rates and 

thus help to aerate the soil, contribute organic matter to the soil via leaf litter, lower the 

temperature under the canopy (thus creating a buffer against temperature increases), and produce 

higher-value products that can strengthen farmers’ income levels (Rojas-Blanco 2006; Verchot et 

al. 2007). 

 There is actually a long history of agroforestry research and promotion in LAC, much of 

it conducted by the Center for Tropical Agronomy Research and Education (Centro Agronomico 

Tropical de Investigacion y Ensenanza – CATIE) in Costa Rica. Muschler and Bonneman (1997) 

reviewed 31 studies of agroforestry conducted in affiliation with CATIE between 1979 and 1994 

and summarized the key benefits of agroforestry systems in LAC, including increased soil 

fertility, reduced soil erosion, increased crop growth, and increased economic viability of the 

integrated system. However, they pointed out that outcomes are highly site-specific and tree-

specific, and other studies have also shown that yields can vary dramatically even in nearby areas 

with similar climates).  Muschler and Bonneman (1997) also point out the main limitations to 

scaling up agroforestry, including the often-substantial lag time between investing in 
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agroforestry and resulting benefits, and the political/demographic pressures to engage in more 

intensive farming systems that maximize food production, which may not be compatible with 

agroforestry.  

 One very important type of agroforestry in LAC is shade-grown coffee and cocoa 

(Current et al. 1995; Vandermeer and Perfecto 2005). Both crops are understory trees, and 

research has shown that shade can increase the sustainability of these crops, and in the case of 

coffee may actually help increase yields, particularly in a situation of increasing climatic 

extremes (Muschler 1997; DaMatta 2004; Lin et al. 2008). Coffee phenology is highly 

vulnerable to the quantity and timing of precipitation (Nunes et al. 1968; Magalhaes and 

Angelocci 1976; Cannell 1985; Carr 2001), and the optimal temperature for Arabic coffee is 

between 18°C and 21°C (Alegre 1959). Climate fluctuations can have a devastating effect on 

coffee yields, as evidenced by the 40–80 percent observed production decreases in southern 

Mexico in ENSO years (Castro Soto 1998).  

 Shade helps keep the coffee cooler during the day and warmer at night (Lin 2007), so 

moderately shaded coffee plants have been found to experience photosynthetic rates three times 

higher than plants under full sun (Lin 2007). Shade also prevents overbearing of fruit on a 

branch, thereby preventing biennial fluctuations in yield (Cannell 1983). However, the effect of 

shade on coffee yields is still inconclusive because of the many confounding factors that also 

affect production (Beer et al. 1998). Some studies show a decrease in yield with more shade 

(Lagemann and Heuveldop 1983; Nolasco 1985), while others show an increase (ICAFE 1989; 

Ramirez 1993; Muschler 1997). In a study conducted in Chiapas, Mexico, Soto-Pinto et al. 

(2000) found that coffee yields were actually highest under 23–38 percent shade cover, though 

production decreased with shade cover over 50 percent. But there is generally a consensus in the 

literature that shade has more positive than negative effects in situations of high climatic 

variability and temperature extremes (Lin et al. 2008; Schroth et al. 2009). 

 Some limited research exists on agroforestry systems with other commercial crops in 

LAC. For example, Ilany et al. (2010) compared soil nutrient characteristics of 30-year old and 

50-year old yerba mate plantations in Argentina grown under monoculture or intercropped with a 

native tree species. Results showed lower soil nutrient levels for intercropping in younger 

plantations, but the opposite in older plantations, indicating that agroforestry has a long-term 

positive effect on soil fertility. However, the study did not look at the effects of intercropping on 

yields. 

 There is a great deal of research on the positive effects of improved fallows on soil 

conditions and subsequent crop yields, though much of it has been conducted in African 

countries (Sanchez 1999; Kandji et al. 2006). In LAC, Kettler (1996) found higher biomass 

yields on improved fallows in Costa Rica, but no significant difference in subsequent bean 

yields. Kass and Somarriba (1999) reviewed traditional fallow systems in LAC, some of which 

used leguminous trees as part of the rotation. One example of this is a traditional cropping 
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system in southern Brazil, where Bracatinga trees (a local leguminous species) are grown on 

fallow land for a period, then thinned for under-planting of a maize and bean intercrop. Studies 

of the system have shown that it is more profitable than fertilized maize and beans grown with 

chemical inputs, and that crop and firewood production in the system do not decline over the first 

three years as they do in the same system without Bracatinga intercropping (Baggio et al. 1986; 

Graça et al. 1986).  

 Nichols et al. (2001) experimented with the use of agroforestry systems to restore 

degraded pastureland in Costa Rica, comparing mono-cropped planting of a commercial timber 

species (fertilized and unfertilized) to intercropping of the timber species with leguminous trees, 

cover-crops, or beans. Results showed that timber growth was highest in the plots intercropped 

with leguminous trees, and tree height was comparable to the fertilized plots, meaning that the 

agroforestry system can be used as a low-cost substitute for chemical inputs (Nichols et al. 

2001). A similar experiment was conducted by Plath et al. (2011) in degraded lands in Panama, 

looking at growth of native timber trees in mono-culture or planted with leguminous companion 

trees. Results showed no significant difference in tree growth between the treatments but better 

water uptake and higher total biomass production in the intercropped treatments. 

 A number of studies have attempted to calculate the economic benefits of agroforestry 

systems to farmers. Current et al. (1995) reviewed 21 agroforestry projects in eight countries of 

Central America and found that alley cropping was the most cost-effective system, requiring 

only 56 labor-days per year, with a payback period of 1.9 years and a cost-benefit ratio of 2.1. 

Contour planting was another very profitable system, requiring 116 labor-days per year, with a 

payback period of two years and a cost/benefit ratio of 1.6. Interplanting trees with annual crops 

required 130 labor-days per year, with a payback period of 3.4 years and a cost/benefit ratio of 

1.8.  Interplanting perennial crops with other tree species required 139 labor-days per year, with 

a payback period of four years and a cost/benefit ratio of 1.8. Finally, block planting required 

only 53 labor-days per year but had a payback period of 4.9 years and the highest cost-benefit 

ratio, at 2.5. 

 Grieg-Gran et al. (2005) conducted case studies of four agroforestry payment-for-

environmental-services (PES) projects, two in Costa Rica and two in Ecuador. Results showed 

that the monetary value of payments varied greatly across projects: one project paid $6–$12/ha, 

another paid $68–$119/ha, another paid $225/ha, and the last paid $515/ha. Nonmonetary 

benefits of the PES schemes included increased diversification and increased tenure security, 

strengthened community organization, decreased erosion, increased biodiversity, and increased 

ecotourism. Reported problems and limitations included a drop in water quality in one case, 

deterioration of road quality in another (due to increased traffic by forestry equipment), and the 

fact that in several cases participants lost eligibility for other government benefit programs 

(Grieg-Gran et al. 2005). 
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In terms of greenhouse gas emissions, agroforestry is generally recognized as the climate-

smart agriculture practice with the greatest potential for contributing to climate change 

mitigation via high carbon sequestration in tree species and in the soil (IPCC 2000; Wright et al. 

2000; Kandji et al. 2006; Verchot et al. 2007). In South America specifically it is estimated that 

agroforestry systems can sequester 39–102 Mg C/ha in humid tropical areas and 39–195 Mg 

C/ha in dry lowlands over a 50-year period (Kandji et al. 2006). Of course, the level of carbon 

storage varies by tree and the duration of time planted, so the level of sequestration, and 

therefore the potential revenues that can be earned in the carbon market, vary dramatically by 

region and system. For example, Oelbermann et al. (2004) looked at the carbon storage levels in 

alley cropping systems with one tree species, Erythrina poeppigiana, in Costa Rica. In four-year 

plantation the carbon storage was 120 Mg C/ha, while in 19-year plantations it was 180 Mg C/ha.  

Many countries in LAC have already participated in reforestation and afforestation 

projects funded by climate-mitigation financing.  In 2011, there were nine such projects being 

implemented in LAC under the Clean Development Mechanism (CDM) program of the United 

Nations Framework Convention on Climate Change (UNFCCC) and 11 more projects operating 

under the Climate, Community and Biodiversity standards established in February 2011 

(Locatelli et al. 2011). Most of these projects focus on carbon sequestration, though they also 

include measures to address adaptation. For example, in northern Peru a GTZ project called 

AdapCC has facilitated carbon contracts between a local coffee producer association and Café 

Direct, a UK-based trading company. Under the project, 10 percent of the carbon payments are 

used to fund adaptation measures (Locatelli et al. 2011). 

4.2.   Adoption of Agroforestry 

There are two main types of empirical agroforestry adoption studies: ex-post studies, which look 

at the adoption outcomes in given regions and use regression analysis to determine the impact of 

various factors; and ex-ante studies, which rely primarily on social and financial analyses of on-

farm trials of agroforestry innovations to assess adoption potential (Mercer 2004). The most 

important ex-ante studies in the literature are Franzel and Scherr (2002), who review agroforestry 

studies in Kenya and Zambia, and Current et al. (1995), who review 21 agroforestry projects in 

Central America. 

 Current et al. (1995) suggested that a number of key factors affect the adoption of 

agroforestry in Central America. First, farmers are attracted to adopt agroforestry by financial 

results, based on the profitability of a given system compared to alternative land uses, the 

resource requirements of the given system, local costs of labor and materials, and local prices for 

tree products. Adoption is also affected by risk management issues, including the extent to which 

a given agroforestry system stabilized yields and provided multiple sources of income. Current et 

al. (1995) observed that farmers first adopt for family subsistence needs, and then pay attention 

to marketing opportunities, which are often increased by local producer organizations or NGO 

projects. The study also found that adoption is greater on large farms, though smallholders were 
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not always excluded. In El Salvador, for example, 40 percent of participants in a community 

nursery program had less than one hectare of land (Current et al. 1995). Lack of formal land 

tenure decreased adoption but was not a binding constraint; in fact, lack of tree ownership and 

disposal rights was much more problematic. 

 Current et al. (1995) also found that external factors like demonstrations, technical 

assistance, training, provision of planting materials, programs to increase credit access, and other 

financial and material incentives increased adoption. With regard to extension, the report 

suggested that farmers adopt agroforestry gradually over a period of five to 10 years and 

discussed a successful program in Guatemala that saw 550 farmers adopt agroforestry over a 

five-year period. The authors argue that the program succeeded because the choice of the 

supplied seedlings was based on farmer input from community meetings. Farmers tend to prefer 

specific tree species for agroforestry based on their familiarity with the species, growth 

performance, ease of propagation and management, market values of products, multiple uses, 

and interactions with other crops (Current et al. 1995).  In addition to formal extension, authors 

such as Besley and Case (1993), Conley and Udry (2003), and Acemoglu et al. (2008) emphasize 

the influence of social learning on technology adoption in general. Gamboa et al. (2010) found 

social networking to have a significant effect on agroforestry adoption in Ecuador. 

 In addition to the extensive work by Current et al. (1995), there are several ex-ante 

adoption studies that focus on LAC. For example, Vosti et al. (1998) discussed the adoption 

potential of cocoa and coffee intercropped with bandarra, rubber, and black pepper in the western 

Brazilian Amazon. They found that major constraints to agroforestry adoption by smallholders 

included investment requirements, negative cash flows in early years, and uncertain demand for 

agroforestry products. A study of silvopastoral systems in Costa Rica found that the primary 

barriers to adoption were high financial risk, incomplete knowledge, limited access to capital and 

markets, and the poor genetic quality of livestock (Jansen et al. 1997). In some cases 

cumbersome regulations and procedures, including restrictions on the harvest and transport of 

timber in agroforestry systems, have hindered adoption. Panama, Honduras, and Nicaragua still 

have very cumbersome regulations, but Guatemala and Belize have adopted simplified protocols 

that have improved farmer attitudes toward agroforestry (Somarriba et al. 2012).  

 Pattanayak et al. (2003) summarized the findings of 32 different studies, a few of which 

were conducted in LAC, and found that the most robust significant factors in agroforestry 

adoption include security of land tenure (included in 72 percent of studies, and positive in 100 

percent of those cases), membership in a producer group (included in 44 percent of studies, 

positive in 100 percent of those cases), and access to extension (included in 32 percent of studies, 

positive in 100 percent of those cases). However, most studies of adoption look at land tenure as 

a simple binary variable—formal private tenure or lack thereof. The reality in many cases in 

LAC is much more complicated because of the prevalence of community tenure over both forests 

and agricultural land more generally. Examples of community land management include the 

ejidos of Mexico, community forestry concessions in Guatemala,  indigenous  territories  in  
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Panama  and  Costa  Rica,  and  the  Mayangna  territories  in Nicaragua, to name just a few 

(Klooster and Masera 2000; Locatelli et al. 2011).  

 Other variables like education, market access, land size, and wealth have been included in 

many agroforestry adoption studies, but overall results have not been conclusive (Pattanayak et 

al. 2003). For example, some studies have found that wealthier farmers are more likely to adopt 

agroforestry because they are thought to be less risk-averse, have access to financing, and be 

more able to bear a short-term negative cash flow.  Others have found that poor farmers in 

isolated areas are more likely to adopt agroforestry in order to diversify products for household 

subsistence (Adesina et al. 2000; Casey and Caviglia 2000; Mercer 2004; Sood and Mitchell 

2006; Gyau et al. 2012).  It is hard to compare across studies, however, because agroforestry can 

include many different tree species.  In general, evidence suggests that wealthier, educated 

farmers with relatively large landholdings are more likely than smallholders to invest in 

relatively expensive seedlings that have delayed benefits in terms of tree products, effects on soil 

quality, etc. Alternatively, smallholders should be more likely to invest in relatively cheap 

seedlings that generate benefits relatively quickly. 

 Caviglia-Harris (2003) looked at the choice between using slash-and-burn agriculture and 

adopting more sustainable agricultural practices in Rondonia, Brazil. The practices examined 

included agroforestry, pisciculture, and apiculture, all of which were promoted by a local 

producer group called the Association of Alternative Producers (APA). Results showed that the 

most important determinants of adoption were membership in a cooperative union, the number of 

years that the family resided on the same lot, and knowledge of sustainable agricultural practices. 

Other significant factors that increased the probability of adoption were locality (e.g., adoption 

was highest in Ouro Preto, where APA was based), the number of female members in the 

household over age nine, and distance to the closest market center.  

 Jansen et al. (2006) looked at the effects of a number of factors on the adoption of several 

conservation methods, including tree planting, in hillside communities in Honduras. The report 

focused on the effect of a “livelihood strategy” among producers (e.g., coffee + grains, or grains 

+ horticulture + livestock). Results showed that tree planting was highest for coffee + grain 

producers, but was also high for other coffee-based livelihood strategies.  Tree adoption was also 

found to have a U-shaped relationship to local population density. It was also positively 

correlated with the number of external organizations active in the area that focused on integrated 

development or on production. 

4.3.  Lessons for Future Agroforestry Projects and Impact Analyses 

This review suggests that some of the most promising agroforestry systems in LAC include 

shade-grown coffee, improved fallows, and efforts to connect small farmers engaging in 

agroforestry to carbon markets. On balance the literature finds positive effects of shade on coffee 

yield stability and sometimes even the level of yield, but work on other commercial crops is 
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limited (Lin et al. 2008; Schroth et al. 2009). Leguminous trees can rehabilitate degraded land in 

as little as eight months, and a number of traditional systems in LAC already use fallows, so 

programs could build on and improve these systems in concert with small farmers (Kass and 

Somarriba 1999; Sanchez 1999; Kandji et al. 2006). Agroforestry has the highest estimated 

carbon sequestration potential of all climate-smart agriculture practices (Montagnini and Nair 

2004; Oelbermann et al. 2004; Kandji et al. 2006), so it offers the greatest potential for 

smallholders to gain increased income from selling credits in the global carbon market.  

 As with the earlier climate-smart agriculture technologies examined in this paper, the 

impact of agroforestry in LAC needs to be expanded in geographic scope, as it is currently 

limited primarily to Costa Rica, Brazil, and Mexico (Somarriba et al. 2012). The effects of 

agroforestry vary widely by location (Muschler and Bonneman 1997), perhaps more than any of 

the other technologies discussed here, because the tree species most appropriate for agroforestry 

will vary geographically, and because of the variation in cropping systems and the most 

appropriate types of agroforestry arrangements. Some types of agroforestry may be inappropriate 

for certain regions and cropping systems because in some cases shade cover does lower crop 

yields significantly, and this may do more harm than good in places with major food security 

problems (Muschler and Bonneman 1997).  Thus, a great deal of value-added can be gained by 

even basic research on different agroforestry varieties in different agro-ecological regions. 

 In terms of impact assessment, the dearth of basic data on expected gains from various 

species in different agro-ecologies poses difficulties for determining the expected gains from 

participation in agroforestry projects, and thus for determining the sample size for an impact 

evaluation. However, given acceptable information on expected gains, agroforestry projects are 

likely to be less complicated to evaluate than either conservation agriculture projects or public or 

community-based irrigation project interventions.  Agroforestry projects, unlike forestry-based 

projects, are more likely to be undertaken on privately-controlled farm plots rather than on 

community land, even in systems operating under the communal tenure systems discussed 

above.
4
 While most projects will have multiple components, they are unlikely to be as 

complicated and complex as conservation agriculture projects.   

Probably the most critical issue to address is the potential for spillovers, both positive and 

negative.  For instance, more trees on one farmer’s plot may have a positive impact on soil 

quality on neighboring plots.  Any plots affected by these spillovers would not be good 

candidates for “controls.”  Farmers who invest in new trees and bushes on their own plots may 

increase deforestation on other land (communal, protected areas) if the farmer previously 

harvested other species, such as fast-growing trees and shrubs, for timber, fodder, etc.  Though 

less problematic for agroforestry projects than for reforestation and deforestation avoidance 

                                                             
4
 However, different community-based tenure regimes may affect adoption rates and this should be accounted for, 

for example by sampling relatively more “clusters” (communities) and fewer households per cluster, depending on 

how important this factor may be. 
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projects, existing land use needs to be well established in order to account for potential 

spillovers. 

Finally, as with all of the climate-smart agriculture interventions, determining the impact 

on resilience, particularly to climate shocks, would improve if there were more observations on 

the same farmer/plot over time, rather than estimates of the impact on average yields.  This can 

be accomplished mainly by implementing a very short mid-term survey that only collects 

information on yields for the past few seasons since the baseline, and then again, by asking recall 

questions for intervening seasons on the final follow-up survey.   

 In terms of potential implementation designs, given the potential for spillovers as well as 

equity concerns, the level of treatment is likely to be at the community level.  For those species 

for which the benefits are expected to materialize relatively rapidly, a randomized roll-out may 

be the best option.  If species to be introduced are relatively well known and inexpensive, an 

“intention to treat” via an encouragement design might be used (since under those circumstances 

the difference between those encouraged and those not encouraged is expected to be relatively 

high).  Often, the most difficult problem with adoption of agroforestry is to ensure seedling 

survival, so some additional interventions specifically designed to ensure survival can be 

randomly assigned to different communities.  Finally, to the extent that adoption of agroforestry 

generates positive environmental services (e.g., carbon sequestration), a project might actually 

design specific payment schemes for adoption.  These can be somewhat difficult to evaluate due 

to site selection issues, as will be discussed in Section 6. 

5. Soil and Water Conservation Structures 

 

This section reviews structures for soil and water conservation, which include terraces, bunds, 

live barriers, contour cultivation, grass strips, diversion ditches, check dams, and irrigation pits. 

The goal of all these structures is to reduce run-off and soil erosion, which can help to increase 

yields, especially on steeply sloped land. Terraces are earth embankments constructed at a right 

angle in to order to create a flat surface for cultivation even on a hillside (Obalum at al. 2011). 

Bunds, also called contour banks, are small banks built along the contour of a slope that help to 

hold in ponded water (Obalum et al. 2011). Both terraces and bunds are often combined with 

contour cultivation, which consists of cultivating the land on or close to the contour, and at right 

angles to surface water flow. Each furrow acts as a small dam, slowing down the movement of 

run-off over the soil and giving the water time to infiltrate into the soil (Obalum et al. 2011). 

Diversion ditches are channels dug into a hillside that channel water during a high rainfall event, 

either directing the water into a natural waterway or a hillside irrigation pit, a small reservoir that 

can be used to later deliver water to terraced land. Check dams are small dams built across the 

drainage ditch that help to reduce gullying and allow sediments to settle.  

 There is significant overlap in the soil and water conservation literature on the other 

climate-smart agriculture practices covered thus far. For example, contour planting of trees and 
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hedgerows is also covered in the agroforestry literature, while cover crops figure prominently 

both in conservation agriculture and soil and water conservation studies. Irrigation is also often 

intricately tied to soil and water conservation structures, because in many highland areas those 

structures are introduced together to make it possible to farm otherwise nonarable land.  This 

section covers the effects of soil and water conservation structures on soil erosion and crop 

yields, as well as the factors affecting the adoption of soil and water conservation. Some of the 

papers reviewed discuss adoption of “conservation practices” in general, including but not 

limited to specific conservation structures. Thus, in some ways this section is a catch-all group 

for all remaining studies of sustainable practices that did not fit well into one of the previously 

discussed climate-smart agriculture categories.  

5.1.  Effects of Soil and Water Conservation Structures on Crop Yields 

Pretty et al. (2006) reviewed 286 projects of various types in 57 developing countries, all aimed 

at promoting conservation and sustainable agricultural practices. Results showed that these 

practices increased production on 12.5 million of the 37 million hectares reviewed, that the 

average yield increase was 79 percent, and that the average increase in water-use efficiency was 

257 percent. However, the Pretty et al. (2006) study was not limited to soil and water 

conservation structures and also included practices like integrated pest management, 

agroforestry, no-till, and aquaculture. Only a small number of papers on the effects of specific 

conservation structures could be found, and even fewer were specific to LAC.   

 Lutz et al. (1994) conducted a fairly comprehensive literature review of studies on soil 

erosion and the cost-benefit calculations of various soil and water conservation practices in 

Central America. The authors estimated the amount by which production should drop over time, 

in the absence of soil conservation methods, for several different crops in different countries. 

Results showed, for example, that coffee yields in Costa Rica would drop by 33 percent and corn 

yields in Honduras would drop by 61 percent in 30 years (Lutz et al. 1994). The report also 

estimated the internal rate of return (IRR), initial investment, and number of years needed to 

break even for several different soil and water conservation practices. For example, the report 

estimated that terraces for corn cultivation in Guatemala would generate a 15.6 percent IRR but 

would still take over 100 years to pay off because of high initial costs. In contrast, diversion 

ditches for corn cultivation in Honduras had lower initial costs and an estimated IRR of 21.9 

percent or 56.5 percent (depending on the region of study) and thus a payoff period of only 18 or 

4 years, respectively.  

 Swinton (2000) performed regression analyses on data from 197 farms in the Peruvian 

altiplano to estimate the effect of soil and water conservation practices on the level of erosion 

and crop yield loss. Results showed that soil losses over 20 years were significantly reduced by 

longer fallow periods and the use of vertical furrows. This latter result contradicted expectations 

and past studies, which suggested that furrows should be oriented perpendicular to a slope as in 

contour cultivation (Swinton 2000). With regard to crop yields, vertical furrows had no 
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significant effect, but yields were significantly higher on land with longer fallows, in foot slope 

areas, and on non-sandy soils, a result confirmed by studies of the effect of fallow period length 

in Brazil (Silva-Forsberg and Fearnside 1997). Similarly, Hellin and Haigh (2002) looked at the 

effect of live barriers of vetiver grass on maize yields on steeply sloped land in Honduras.  

Results showed no significant difference in yields between the treatment and control plots, with 

one exception being in 1997, an unusually dry year caused by a severe ENSO episode.  In that 

case, maize yields just above the live barriers in the treatment plots were 23 percent higher than 

those in the control plots, indicating that live barriers could play an important role in areas made 

drier by climate change, but may not be profitable under other circumstances. 

 Posthumus (2005) calculated the economic effects of adopting terraces in the Peruvian 

Andes. She stated that the primary benefit of terracing is increased water availability in the 

terraced land, which can increase productivity, though terracing also reduces the total surface 

area of agriculture and thus net profitability is not guaranteed and often requires a shift to a more 

intensified system or higher-value crop. Empirical results showed that grain yields were 79 

percent higher when terraces were used on hills with a 25 percent+ slope in one study region 

(Pacucha). However, there was no significant difference for the full sample in Pacucha or for any 

subset in the other study region, Piuray-Ccorimarca.  

 In the Posthumus (2005) study, the estimated profitability of terracing was high in the dry 

years, with an IRR between 16 and 37 percent in 2002. The estimated profitability was 

dramatically lower in 2003, a wetter year (1 percent IRR). Furthermore, the marginal product of 

land was actually lower for terraced fields than for nonterraced fields in the Pacucha region 

because isolation and imperfect factor markets made intensification difficult. The opposite was 

the case in Piuray-Ccorimarca, which had better functioning markets and greater access to 

capital.  

 The literature also includes several case studies of soil and water conservation promotion 

projects in LAC. For example, Nimlos and Savage (1991) discuss the Sustainable Land Use 

Management Project (SULAMAN) in Ecuador, which promotes soil conservation via a variety 

of practices, including bunds, contour planting, and bench terraces, in addition to some 

conservation agriculture and agroforestry practices. Crop yields under the project’s various 

management technologies increased significantly: 92 percent for garlic, 421 percent for peas, 216 

percent for barley, 47 percent for beans, and 260 percent for potatoes. Furthermore, with 

terracing the value of the land increased dramatically, from about $65 to $900 per hectare 

(Nimlos and Savage 1991). Another case study in Piaui, Brazil by Oliveira et al. (2012), 

analyzed a community-led initiative to introduce new mulch for watermelon cultivation. Results 

showed that watermelon yields doubled with use of the mulch. The study did not look at net 

returns, however. 

 Ellis-Jones and Mason (1999) estimated the economic costs and benefits of planting live 

barriers for soil conservation in fields of Phalaris, a popular fodder crop in Bolivia. Using local 
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data and simulation models, the report found that the economic viability of live barriers varied 

dramatically for irrigated versus nonirrigated plots, and based on the farmer’s discount rate. For 

example, live barriers would not be viable even with a discount rate as low as 5 percent if the 

yield increase was 5 percent or less. If the productivity increase was 10 percent, then returns to 

live barriers would be positive, but only for irrigated fields and with a discount rate of 10 percent 

or lower. Assuming a 20 to 30 percent productivity increase and a discount rate up to 20 percent, 

live barriers would be profitable on irrigated plots in all regions and nonirrigated plots in only 

one of the study regions.  

To summarize, several studies that attempted to estimate the economic profitability of 

soil and water conservation structures revealed that profitability varies dramatically based on 

type of structure, level of rainfall, degree of slope, type of soil, type of crop, local market 

conditions, and many other factors (Nimlos and Savage 1991; Lutz et al. 1994; Witter et al. 

1996; Ellis-Jones 1999; Pagiola 1999; Posthumus 2005; Jansen et al. 2006). Not only does the 

rate of return to farmers define the ability of soil and water conservation to increase incomes, and 

thus facilitate climate change adaptation, it also is a crucial factor affecting adoption rates 

(Witter et al. 1996; Shiferaw and Holden 2001; Ellis-Jones and Mason 1999). It is crucial that 

future projects continue to estimate the rates of return to specific technologies under specific 

conditions, both prior to introduction of soil and water conservation practices (to the extent 

possible) and ex post. The literature also provides fairly clear evidence that soil and water 

conservation structures have the potential to stabilize crop yields in particularly dry years (Hellin 

and Haigh 2002; Posthumus 2005). This suggests that programs promoting soil and water 

conservation should target areas more vulnerable to climate change, both to maximize the 

positive effects of conservation for farmers and to increase adoption rates.  

5.2.  Adoption of Soil and Water Conservation Structures 

Worldwide literature on the adoption of soil and water conservation structures suggests that 

some of the most important factors affecting adoption include the extent to which a given 

practice is expected to increase on-site productivity, estimated net economic returns to farmers, 

transactions costs, property rights issues, and use of participatory extension methods (Pagiola 

1999; Cramb 2000; Smith et al. 2007). A few studies have estimated the factors affecting 

adoption specifically in countries in LAC, and these tend to be small-sample empirical studies. 

For example, in a case study of a new mulch-based conservation system for watermelon 

cropping in Brazil, Oliveira et al. (2012) found that adoption was increased by participatory 

methods involving farmers in the design process, and that it was increasing over time because 

collective benefits of the technology increased with greater adoption. Ashby et al. (1996) 

conducted a case study of factors affecting the adoption of live barriers for soil conservation in 

coffee farms in Colombia. They concluded that adoption was significantly increased by greater 

farmer participation at all levels of the process, including design, evaluation, and promotion of 

the selected soil and water conservation practices. For example, during the later years of the 
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project farmers were invited to help select the species to be used in the live barriers, and this 

coincided with a big jump in adoption.  

 Case studies of the Plan Sierra conservation program in the Dominican Republic (Witter 

et al. 1996) and the SULAMAN project in Ecuador (Nimlos and Savage 1991) both found high 

levels of adoption, even in the absence of government subsidies, because of high private 

economic returns to participating farmers and strong extension efforts. Witter et al. (1996) 

directly asked farmers their reasons for adopting soil and water conservation practices, and the 

key responses were personal benefits from the conservation structures (43 percent), 

encouragement by family or friends who had previously adopted the practices (28.7 percent), and 

encouragement by Plan Sierra extension agents (24.6 percent). In their study of live barrier 

adoption in the inter-Andean valleys of Bolivia, Ellis-Jones and Mason (1999) concluded that 

profitability and thus adoption was higher for irrigated than for nonirrigated agriculture. The 

discount rate of a given farmer, local input and output prices, and the expected yield effects of 

the conservation structure were found to have an impact on adoption. 

 Hansen et al. (1987) applied a model used to test adoption of (unspecified) soil 

conservation practices in the United States to a sample of 281 farmers in the Ocoa watershed in 

the Dominican Republic. Results showed that extension, credit access, and attitudinal measures 

of the farmer’s orientation to change (an index of positive responses to questions about taking 

risks and considering migration) and propensity to adopt  (an index of positive responses to 

questions about willingness to attend trainings on conservation and to invest in conservation) 

were all significant and positively correlated with adoption.  

 The most comprehensive study on soil and water conservation adoption in LAC is Jansen 

et al. (2006), who tested factors affecting adoption of four different conservation practices (live 

barriers, contour planting, terraces, and tree planting) in hillside communities in Honduras. 

Although several factors were included in the regression analysis, the largest effort was directed 

toward estimating the effect of a “livelihood strategy” on adoption; that is, the income sources of 

the farmer (coffee + basic grains, basic grains + off-farm work + livestock, etc.). Results showed 

that the adoption of live barriers was increased by the number of community-based organizations 

in an area and the number of external organizations focusing on integrated development, but 

decreased by market access. The same results were observed for contour planting, except that 

external organizations did not have a significant effect. Terrace construction was significantly 

higher among farmers with the livelihood strategy coffee + basic grains. Construction also had a 

U-shaped relationship to population density, increased with local community organizations, and 

decreased with higher market access.
5
  

Swinton’s (2000) analysis of conservation practices in Peru’s altiplano included a 

regression analysis of the two practices found to decrease soil erosion in that region: fallows and 
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 See Section 4 for a review of the results on tree planting. 
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vertical furrows. Results revealed that the length of the fallow period was increased by the value 

of well equipment available to a farmer, the number of adults in the household, membership in 

farmer associations, the existence of a previous natural resource project in the village, and the 

amount of land in a traditional collective crop rotation scheme. An increase in nonfarm income 

decreased fallow period length. The proportion of land planted to vertical furrows increased with 

association membership and for land in the footslope, but decreased for farmers with higher 

access to farming equipment and higher poverty levels, indicating adoption was highest for 

farmers with intermediate wealth levels.. Surprisingly, crop prices were insignificant in both 

regressions and the effect of access to equipment was not consistent across regression variables. 

It is notable that the social capital variable (association membership) was the sole variable 

positively correlated with adoption of both conservation measures (Swinton 2000).  

 Posthumus (2005) also conducted regression analysis of the factors affecting adoption of 

bench terraces, slow-forming terraces, infiltration ditches, and conservation practices as a whole 

in two villages in the Peruvian Andes. In the village of Pacuca, she found that: 

● Steeper slopes increased adoption of bench terraces and soil and water conservation 

practices as a whole;  

● Larger farm area increased adoption of both types of terraces;  

● Both family size and percentage of farmland without stones decreased adoption of bench 

terraces and soil and water conservation practices in general;  

● Education and age increased adoption for a subsample of farmers enrolled in one 

program (MARENASS);  

● Farmers enrolled in MARENASS were much more likely to adopt soil and water 

conservation technologies than those enrolled in another program (PRONAMACHCS), 

though participants in both programs had higher adoption rates than nonenrolled farmers; 

and 

● Market access increased the adoption of slow-forming terraces.  

In the village of Piuray-Ccormarca the determinants of adoption were somewhat 

different. The most important factors included: 

● Percentage of agriculture without irrigation access, which was positive for adoption of 

both general soil and water conservation and irrigation ditches; 

● Long-term perspective of the head of household (positively correlated) and age 

(negatively correlated) for bench terraces; 

● Farm area for slow-forming terraces;  

● Risk-taking preference of the head of household; and 

● Average distance from the house to the field for infiltration ditches.  
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5.3.  Lessons for Future Soil and Water Conservation Structure Projects and Impact 

Analyses 

A number of lessons can be drawn from this review of adoption of soil and water conservation 

structures. First, there are many different types of conservation structures, some of which have 

completely different effects and are appropriate in some conditions but not others. For example, 

adoption of terraces and grass strips was generally found to have a higher positive effect in dry 

areas, but structures like diversion ditches are more useful in high rainfall areas (Shiferaw and 

Holden 2001; Hellin and Haigh 2002; Posthumus 2005;).  

In terms of factors affecting adoption specifically, risk-orientation and the long-term 

versus short-term view of farmers were found to play a significant role in perceived profitability 

of conservation structures and thus the level of adoption (Hansen et al. 1987; Ellis-Jones and 

Mason 1999; Shiferaw and Holden 2001; Posthumus 2005; Antle et al. 2006).  Where attempts 

were made to evaluate the impact of the farmer discount rate on adoption of soil and water 

conservation structures, it was found to be a robust predictor of adoption.  Future studies should 

make sure to take discount rates into account, but also need to take care to determine a reliable 

way of estimating them. The current literature has either assumed various discount values for the 

purpose of theoretical simulations (Ellis-Jones and Mason 1999; Shiferaw and Holden 2001) or 

used a qualitative index of attitudinal questions to estimate it empirically (Hansen et al. 1987; 

Posthumus 2005). 

 A number of case studies also suggested that the use of participatory methods in the 

development of soil and water conservation structures and their extension significantly increases 

the level of adoption, as do social network connections and group membership (Hansen et al. 

1987; Ashby et al. 1996; Witter et al. 1996; Cramb 2000; Posthumus 2005; Oliveira et al. 2012). 

This can be particularly important given the evidence that expected returns and the rate of 

adoption vary dramatically by location (e.g., in the case of the dramatically different results 

between the two villages analyzed by Posthumus [2005] in Peru). However, no rigorous impact 

evaluation has been undertaken of the effects of this largely anecdotal, but well-motivated, 

evidence. 

The current research on soil and water conservation structures in LAC tends to be limited 

mostly to Peru and certain Central American and Caribbean countries such as Honduras and the 

Dominican Republic (Hansen et al. 1987; Lutz et al. 1994; Witter et al. 1996; Swinton 2000; 

Posthumus 2005). To some extent it is necessary that this research be geographically limited, 

since conservation structures are most appropriate for highland areas with steep slopes. In fact, 

evidence suggests that economic returns and thus adoption levels are higher on more steeply 

sloped land (Posthumus 2005). However, empirical studies of both the effects and factors 
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affecting adoption of conservation structures could be usefully expanded within LAC to more 

thoroughly cover more highland and hilly areas in the region. 

 In terms of impact assessment, as discussed above, there are many different types of 

structures and practices that fall under soil and water conservation, some of which have short-

term benefits, but others whose benefits are delayed.  For the latter, a longer time frame is 

needed to assess impacts and/or intermediate outcomes with clear links to the ultimate impacts 

that need to be identified.  Given the location-specificity of many expected benefits, selecting 

controls will require relatively more information than is the case with other interventions.  To a 

lesser extent, positive externalities are likely to be quite pronounced with many soil and water 

conservation interventions.  As before, this has two main implications.  The first is that 

understanding the range of these externalities will be crucial to determining where control 

farmers will be located (outside of the range of the externalities but still facing similar 

circumstances).  The second is that community-level factors are also likely to be critical in 

fostering adoption of soil and water conservation structures, the more so the stronger are the 

externalities.  This also argues for having the “treatment” level be at a higher level than the 

individual farmer.   

 Many soil and water conservation interventions require significant upfront investments 

by the farmer.  This poses some issues for randomization.  Take-up without subsidies can be low, 

but subsidies can be seen as unfair if randomly assigned within a community. At the same time, 

certain plots will generate greater public spillover benefits than others.  In fact, some of the 

greatest benefits can be “downstream,” which would then make a soil and water conservation 

intervention a candidate for a payment-for-environmental-services scheme, which is discussed in 

the next section. 

6.   Market and Governmental Institutions that Affect the Adoption of Climate-

Smart Agriculture 

 

6.1.   Carbon Contracts and Other Payments for Environmental Services 

 

For decades, some country governments and donor agencies have sponsored payment-for 

environmental-services (PES) programs that compensate farmers who adopt practices that 

support ecosystem services like biodiversity conservation or watershed protection. With the 

advent of global carbon markets under the Kyoto Protocol as well as voluntary carbon market 

schemes, there are an increasing number of PES programs that pay farmers to adopt practices 

that sequester carbon, including agroforestry and zero tillage.  

 PES programs take a number of different forms, but they tend to focus on channeling 

payments from various donors and the private sector, particularly hydroelectric companies, 

ecotourism operators, and businesses purchasing carbon offsets (Balvanera et al. 2012). In 2005, 

there were 287 ongoing PES programs aimed specifically at forest environmental services, 
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watershed protection, landscape beauty, biodiversity, and carbon sequestration (Grieg-Gran et al. 

2005). Currently only afforestation and reforestation projects qualify for funding under the 

UNFCCC’s CDM program, with nine such projects in LAC as of February 2011 (Locatelli et al. 

2011).  Other international programs that focus on forestry PES programs include REDD+,
6
 

which has more than 40 active pilot projects in LAC alone, and the UNFCC Adaptation Fund, of 

which one of the first projects, initiated in September 2010, was a water management project in 

Honduras (Locatelli et al. 2011). The Adaptation Fund, which is financed by a 2 percent levy on 

CDM carbon offsets, is the only mechanism under the UNFCCC that explicitly links climate 

change mitigation and adaptation. 

 PES programs are currently on the rise in LAC, where they are actually more common 

than in any other region in the world. Costa Rica was the first country in LAC to establish such a 

program, in 1997, and the country currently has 29 such programs that have promoted 

conservation practices on a total of 251,124 hectares (Balvanera et al. 2012). Other countries in 

the region with a large number of PES programs include Mexico, which has 15 such programs 

covering 2.44 million hectares, Colombia (19 PES programs covering 1.16 million hectares, 

Brazil (11 PES programs covering 2.07 million hectares), and Bolivia (nine PES programs 

covering 609,305 hectares) (Balvanera et al. 2012). The highest payment rate among the 

programs was in Costa Rica, but as a share of income it was highest in Ecuador, where farmers 

earned up to 30 percent of income from PES payments (Grieg-Gran et al. 2005). 

 Carbon mitigation projects are the most common PES programs directly relevant to 

climate change. Payment for Environmental Services (Pago por Servicios Ambientales – PSA) in 

Costa Rica compensates land users for new plantations, sustainable logging, and conservation of 

natural forests. The costs of PSA are covered by a national tax on fossil fuels, which covers 80 

percent of costs, and by the government sale of carbon credits originating from public protected 

areas, which covers the other 20 percent (Montagnini and Nair 2004). Unfortunately, most 

analyses of the program’s impact in terms of reducing deforestation show it to be limited (Sierra 

and Russman, 2006; Sills et al., 2008).  The primary reason seems to be that Costa Rica had put 

in place strict legal restrictions on deforestation before the PSA program got off the ground, so 

deforestation rates on “control” plots were also quite low.   

The government of Mexico operates a similar program that focuses on forest 

conservation in hydrologically critical watersheds (Pagiola et al. 2005). There are NGO-based 

PES programs as well, including Fondo Bioclimatico in Chiapas, Mexico, which was set up in 

1995 through a partnership between the El Colegio de la Frontera Sur (ECOSUR) and a coffee 

producers’ union. It currently serves 450 farmers in 21 communities. ECOSUR scientists 

monitor and measure carbon sequestration and organize contracts between the producers and 

various European countries seeking to purchase carbon offsets (Nelson and de Jong 2003). 

                                                             
6
 An extension of the United Nations’ program for Reducing Emissions from Deforestation and Forest Degradation 

(REDD).  
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 Very few studies have evaluated the impact of PES programs on participants, but existing 

qualitative studies report positive effects that include improved local natural assets (soil, 

windbreak protection, water quality, tourism), increased knowledge and access to training, and 

increased income diversification (Grieg-Gran et al. 2005). However, PES programs face a 

number of challenges, including expensive monitoring and other implementation costs, the fact 

that administratively attractive flat payment rates often have limited adoption where land has 

differing opportunity costs in the target region, lack of clear directives and achievement criteria 

for participants, insecure land tenure, and weak legal support (Nelson and Chomitz 2002; Hall 

2008; Southgate and Wunder 2009; Murillo et al. 2011). Furthermore, though many see PES 

programs as a way to improve the environment while also fighting poverty, others say that the 

programs can exacerbate poverty, particularly in regions with insecure land tenure, because they 

exclude landless workers from the land, and may cause land values to increase beyond the 

purchasing power of many poor farmers (Landell-Mills and Porras 2002; Kerr 2002; Grieg-Gran 

et al. 2005; Kosoy et al. 2008).  Still others argue that programs aimed at preventing 

deforestation or afforestation are likely to simply displace deforestation to other areas, as 

reported by Alix-Garcia et al. (2012).  The point of PES programs is in fact to generate positive 

spillovers, which need to be accounted for. The argument by Alix-Garcia et al. highlights the 

need to consider potential negative spillovers as well. 

 Nonetheless, a number of studies on the adoption of climate-smart agriculture have found 

a significant effect of subsidies and incentive programs. Several studies report a positive effect 

on the adoption of soil conservation practices (Ashby et al. 1996; Ellis-Jones and Mason 1999; 

Pagiola 1999; Posthumus 2005; Frangi et al. 2003; de Herrera and Sain 1999).  A review of 

conservation agriculture adoption by Knowler and Bradshaw (2007) found four cases in which 

government subsidies had a positive effect (Napier and Camboni 1993; Swinton 2000), but a 

number of other cases where subsidies had no significant effect (Traoré et al. 1998; Soule et al. 

2000). Several case studies suggest that input support programs, particularly subsidies for no-till 

equipment, have had a positive effect on the adoption of conservation tillage among smallholders 

(Erenstein et al. 2008, Kassam et al. 2009), though empirical evidence is slim for LAC.  On the 

other hand, particularly for avoided deforestation or afforestation, Sills et al. (2008) determined 

that having land with little conversion value (i.e., having standing forests with little pressure to 

convert in the first place), along with the ability to convert nonenrolled land, increased 

participation, obviously muting the impact of the program on increasing forest cover.   

 Overall, there are few rigorous empirical studies specifically in Latin America on the 

effect of PES programs and subsidies in general for the four different target technologies.  For 

most PES projects, the primary effects evaluated are the environmental services provided. The 

unit of analysis is then generally some land area or watershed, not the households that supply 

these services.  This is not surprising, as the primary objective of these projects is to supply 

environmental services, though many programs have secondary objectives including improving 

the livelihoods of suppliers (Pattanayak  et al. 2010).  Studies that seek to assess both increases 
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in environmental services and effects on supplying households must design a sampling 

framework for both levels.  Finding suitable controls is often problematic at both levels. Payment 

programs want to target what preexisting information indicates are lands or watersheds that 

provide the highest environmental services, and also prefer to enroll motivated landowners who 

they believe will adopt and sustain practices that generate those services. Spillovers are of course 

widespread (Arriagada et al. 2012; Pfaff et al. 2008).  

One method to identify controls arises when more landowners enroll in a program than 

can be inscribed.  If landowners provide a similar quality of services—which is indeed a big “if” 

—then random selection could be used. Randomized roll-outs may also be possible, but, again, 

they are far more difficult to justify in the absence of a large number of landowners supplying 

relatively similar services.  Alternatively, if the program explicitly wishes to include high-value 

land (in terms of environmental services to be provided), then a “discontinuity” design based on 

eligibility criteria may be employed.  In this case, matched controls can be found among those 

who enrolled but nonetheless were denied entry, but who were close to matching the required 

criteria for participation.  For example, in Mexico, a program called Payments for Hydrological 

Environmental Services used eligibility criteria to determine program participation, and Alix-

Garcia et al. (2012) used information on those denied entry to match controls. 

 Nonetheless, those interested in designing an impact assessment need to be aware of how 

difficult it is in particular to find controls ex ante and to determine if multiple methods can be 

used in the event that randomization of treatment and controls does not work as expected.  A 

case in point is the Regional Integrated Silvopastoral Approaches to Ecosystem Management 

Project that ran from 2002 to 2008 and was funded by the Global Environment Facility and the 

World Bank.  This was a carefully designed project with the explicit objective of measuring 

impact and employing quasi-experimental techniques in Costa Rica, Nicaragua, and Colombia.  

However, the project was also innovative and complex in its implementation and in its 

requirements of participants.  As documented in Vaessen and van Hecken (2009), the 

sophisticated impact evaluation design combined with a new and complex project led to a 

number of unintended responses by both farmers and project implementers that made 

comparisons of the treated and control groups quite difficult.  

6.2.   Agricultural Insurance Programs for Climate Change Risk Mitigation 

Another economic institution factor that could play a major role in farmer adaptation to climate 

change is insurance. Weather insurance, whether private or government-sponsored, helps to 

mitigate farmers’ risk from climate change. This could either serve as a complement to 

promoting climate-smart agriculture practices—since both help with adaptation—or it could 

slow such adoption, since those with insurance are more susceptible to moral hazard. It is 

important to understand the different existing and potential insurance instruments, some of which 

avoid the moral hazard problem, and to analyze their effects on adoption of climate-smart 

agriculture and adaptation to climate change as a whole. 
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 Climate change presents both new threats and new opportunities to the global insurance 

industry. Threats include the compounding of climate change risk across the entire portfolio, 

particularly for agricultural insurance and emerging markets, which raises costs of operations. 

Opportunities include the increased need and willingness to pay for insurance among 

developing-country farmers and the advent of a number of new products like weather 

derivatives, cat bonds, microinsurance, and hedge funds that invest in greenhouse gas emission 

credits (Mills 2007). Weather derivatives are put-and-call options based on weather indices, 

which can be purchased by farmers or other actors to hedge climate risk. Cat bonds, or 

catastrophe bonds, are sold either by the government or insurance companies and pay investors 3 

to 20 percent interest in years without a natural disaster, but in years with a natural disaster the 

investors forfeit their interest, which is used to pay claims to policyholders. Microinsurance 

targets low-income people and involves small premiums and low coverage caps to reduce the 

level of risk to insurance companies. 

 The UNFCCC specifically calls on the parties of the agreement to consider insurance-

related instruments to help low-income countries adapt to climate change. Disaster-related losses 

globally were $54 million annually in 2004, and as a share of national income losses in 

developing nations are double the losses in developed nations (Arnold and Kreimer 2004). As an 

example of the huge risks posed by weather, Hurricane Mitch increased the number of poor 

people in Honduras by 165,000, and four years after the storm GDP was 6 percent lower than 

what had been projected prior to the disaster (Linnerooth-Bayer and Mechler 2006). Insurance 

schemes could help reduce the impact of storms and other disasters exacerbated by climate 

change.  

 More than 40 percent of farmers in developing countries face threats to their livelihoods 

from adverse weather, but only 1 percent of households in low-income countries and 3 percent of 

households in middle-income countries have catastrophe coverage, compared to 30 percent in 

high-income countries (Linnerooth-Bayer and Mechler 2006). Currently, LAC has a very low 

penetration of agricultural insurance, with only 1.5 percent of world market premiums (Candel 

2007). The insurance coverage that does exist is not equitably distributed among income classes 

or across countries. Within LAC, Brazil accounts for 27 percent of insurance coverage, Mexico 

for 25.7 percent, and Puerto Rico for 13.4 percent, although residents of Puerto Rico have access 

to the U.S. National Flood Insurance Program, so coverage is disproportionately high (Candel 

2007). A review by Mills (2007) of agricultural insurance in LAC reveals additional differences 

across countries. For example, Argentina insures 30 percent of its total area, all through private 

insurance, and the majority of plans pay 60–90 percent of the difference between actual and 

historical yields. By contrast, only 2 percent of cropped area in Chile is insured, through a mix of 

public and private insurance with subsidized premiums.   

 LAC countries, in fact, have been the pioneers of multi-peril insurance, with programs 

established in Brazil in 1954, Costa Rica in 1970, Mexico in 1971, Chile in 1980, and the 

Dominican Republic and Venezuela in 1984 (Wenner 2005). Multi-peril insurance is the most 
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attractive type of insurance for farmers, but it also entails much higher losses and requires much 

higher overhead costs, because of the need to monitor many claims, and it is often cost-

prohibitive without government subsidies (and leads to high deficits for the government). Those 

countries that have higher insurance penetration tend to be those which have supported the 

development of alternative instruments that reduce moral hazard and risk. This is the case in 

Mexico, which has one of the largest and most successful government crop insurance programs 

in LAC. Unlike many of the other government insurance programs in the region, Mexico’s 

program has been operating profitably since 2000 (Mills 2007). Over 15 percent of cropped area 

is insured, and many different products are offered, including yield loss, revenue loss, and cost 

coverage insurance, as well as a weather-based index insurance option. In the 1960s the Mexican 

government offered 45–61 percent premium subsidies for crop insurance, making the purchase 

of insurance a prerequisite to obtain a bank loan. The system was liberalized in the 1990s and 

currently offers a 30 percent subsidy, provides cat bonds and index insurance options, and 

reduces moral hazard by only insuring 70–90 percent of losses (Mills 2007; Linnerooth-Bayer 

and Mechler 2006).  

 A number of studies explore the role that insurance can play in helping low-income 

countries adapt to climate change. Some scholars have found that insurance is a superior way to 

deal with climate risk when compared with ex-post disaster relief programs, since the latter are 

often ad hoc, untimely, not properly organized and targeted, increase public deficits and/or 

dependence on foreign aid, and increase moral hazard (Mills 2007). On the other hand, crop 

insurance may potentially increase moral hazard and thus decrease adoption of climate-smart 

agriculture practices. That is, when farmers know that they will receive a pay-off if their 

production is low, they have an incentive not to invest in labor time, inputs, and adaptation 

technologies that can help keep yields high. This is particularly a problem of multi-hazard 

insurance with general premiums based on individual crop losses. The problem can be mostly 

avoided if index insurance is used, where all farmers in an area receive an automatic payout 

based on general weather patterns in their region (Besley 1995; Hess 2003; Carter et al. 2004; 

Barnett and Mahul 2007; Collier et al. 2009). When moral hazard is reduced, insurance may 

actually help stimulate adoption of climate-smart agriculture practices by serving as a price 

signal. That is, where farmers have no concept of the monetary value of adaptation, insurance 

premiums act a as a gauge of this value and farmers are in some cases more likely to adopt 

climate-smart agriculture if the cost is below that of the insurance premiums (Collier et al. 2009). 

 In addition, insurance companies actually support climate change adaptation and 

mitigation efforts in order to help reduce the level of risk in their portfolios. For example, 

Storebrand, Norway’s largest insurance company, has invested in sustainable forestry practices, 

and the insurance company Swiss Re has contributed to reforestation efforts in Haiti (Mills 

2007). The Caribbean Disaster Mitigation Project is an example of a successful public-private 

partnership to support climate change adaptation efforts: United Insurance partnered with the 

U.S. Agency for International Development and several local NGOs to help homeowners retrofit 
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their homes against hurricanes, and they received reduced insurance premiums as a result (Mills 

2007). Though this particular example is not in the agricultural sector, similar programs could be 

designed for agriculture in the future.   

7.  Concluding Comments 

 

There are numerous types of projects that can contribute to climate change adaptation and/or 

mitigation in the agricultural sector.  This paper has reviewed four major types of land use and 

management projects: conservation agriculture, irrigation, agroforestry, and soil conservation 

structure. It has also examined two prominent institutions that affect adoption of land 

management: payment-for-environmental-services programs, and weather-related insurance.  

The aim of the paper has been to synthesize the empirical evidence on the likely farm-level 

effects of various land management techniques and on participation in PES contracts schemes or 

insurance, and to identify which factors are most important in explaining adoption.  Information 

on likely effects and the most important conditioning factors inform the types of data collection 

that should be included in the monitoring and evaluation frameworks and impact evaluations for 

future projects.  In addition, different types of projects have unique characteristics that need to be 

taken into consideration when designing the impact evaluation strategy. 

While there is a good deal of empirical evidence on likely effects and on the most 

important conditioning factors affecting adoption of most of the practices discussed in this paper, 

evidence does tend to be concentrated in just a few countries (e.g., Mexico and Brazil).  Because 

effects tend to be rather site-specific, future impact evaluations outside of Mexico and Brazil 

should aim to generate valuable information to help guide policies on how to best promote 

adaptation to climate change in the agriculture sector, and on how to best capture potential 

mitigation benefits.  On the other hand, there has been limited success in evaluating the effects of 

PES schemes and weather insurance products.  PES projects tend to be quite complex and highly 

dependent on self-selection, making random allocation into “treatment” quite complex.  The few 

attempts to evaluate insurance programs have also run into difficulties. Often, in the initial 

stages, the actual product offered changes every season, making it difficult to isolate factors 

affecting up-take.  There is thus a wide scope for drawing on lessons learned to better design and 

implement impact assessments for both PES and weather insurance, which should be of great 

interest to Latin American governments. 

 



48 
 

References 

 

Acemoglu, D., M. Dahleh, I. Lobel, and A. Ozdaglar. 2008. Bayesian Learning in Social 

Networks. NBER Working Paper 14040. Cambridge, MA: National Bureau of Economic 

Research.   

Adams, R. M., B. Hurd, S. Lenhart, and N. Leary. 1998. Effects of Global Climate Change on 

Agriculture: An Interpretative Review. Climate Research 11(1): 19–30. 

Adesina, A., D. Mbila, G. Nkamleu, and D. Endamana. 2000. Econometric Analysis of the 

Determinants of Adoption of Alley Farming by Farmers in the Forest Zone of Southwest 

Cameroon. Agriculture, Ecosystems & Environment 80(3): 255–65. 

Alegre, C. 1959. Climates et caféiers d’Arabie.  Agronomie Tropicale 14: 25–48. 

Alegre, J., D. Cassel, and E. Amezquita. 1991. Tillage Systems and Soil Properties in Latin 

America. Soil and Tillage Research 20(2): 147–63. 

Aleman, F. 2001. Common Bean Response to Tillage Intensity and Weed Control Strategies. 

Agronomy Journal 93(3): 556–63. 

Alix-Garcia, J. M., E.N. Shapiro, and K.R. Sims. 2012. Forest Conservation and Slippage: 

Evidence from Mexico’s National Payments for Ecosystem Services Program. Land 

Economics 88(4): 613–38. 

Allmaras, R., and R. Dowdy. 1985. Conservation Tillage Systems and Their Adoption in the 

United States. Soil & Tillage Research 5: 197–222. 

Altieri, M.A. 1999. Enhancing the Productivity of Latin American Traditional Peasant Farming 

Systems through an Agro-ecological Approach. Paper prepared for a conference 

on Sustainable Agriculture: New Paradigms and Old Practices? Bellagio Conference Center, 

Italy, April 26-30.  

Alvarez, R., and H.S. Steinbach. 2009. A Review of the Effects of Tillage Systems on Some Soil 

Physical Properties, Water Content, Nitrate Availability and Crop Yield in the Argentine 

Pampas. Soil and Tillage Research 104(1): 1–15. 

Angelsen, A. 2010.  Policies for Reduced Deforestation and their Impact on Agricultural 

Production.  Proceedings of the National Academy of Sciences 107(46): 19639–644. 

Angelsen, A., and D. Kaimowitz.  1999. Rethinking the Causes of Deforestation: Lessons from 

Economic Models.  World Bank Research Observer 14(1): 73–98. 

Antle, J.M., J. Stoorvogel, and R. Valdivia. 2007. Assessing the Economic Impacts of 

Agricultural Carbon Sequestration: Terraces and Agroforestry in the Peruvian Andes. 

Agriculture, Ecosystems & Environment 122(4): 435–45. 

Arnold, M., and A. Kreimer. 2004. The Socio-economic Costs of Disasters. In An Adaptation 

Mosaic: An Example of Emerging Bank Work in Climate Change Adaptation, ed. by A. 

Mathur, I. Burton, and M. van Aalst. Washington, DC: World Bank. 

Arriagada, R.A., P.J. Ferraro, E.O. Sills, S.K. Pattanayak, and S. Cordero-Sancho. 2012. Do 

Payments for Environmental Services Affect Forest Cover? A Farm-level Evaluation from 

Costa Rica. Land Economics 88(2): 382–99. 



49 
 

Ashby, J.A., J. Beltrán, M. del Pilar Guerrero, and H. Ramos. 1996. Improving the Acceptability 

to Farmers of Soil Conservation Practices. Journal of Soil and Water Conservation 51(4): 

309–12. 

Astier, M., J. Maass, J. Etchevers-Barra, J. Pena, and F. González. 2006. Short-term Green 

Manure and Tillage Management Effects on Maize Yield and Soil Quality in an Andisol. Soil 

and Tillage Research 88(1): 153–59. 

Baez, J., and A. Mason. 2008. Dealing with Climate Change: Household Risk Management and 

Adaptation in Latin America (September). Available at  SSRN: 

http://ssrn.com/abstract=1320666 or http://dx.doi.org/10.2139/ssrn.1320666.  

Baggio, A., A. Carpanezzi, L. Graça, and E. Ceccon. 1986.  Sistema agroflorestal tradicional da 

bracatinga com culturas agrícolas anuais.  Boletim de Pesquisa Florestal (EMBRAPA, 

Brazil) 12: 73–82. 

Balvanera, P., M. Uriarte, L. Almeida-Leñero, A. Altesor, F. DeClerck, T. Gardner, et al. 

Vallejos. 2012. Ecosystem Services Research in Latin America: The State of the Art. 

Ecosystem Services 2: 56–70. 

Bandiera, O., and I. Rasul. 2006. Social Networks and Technology Adoption in Northern 

Mozambique. The Economic Journal 116(514): 869–902. 

Barber, R G., M. Orellana, F. Navarro, O.  Diaz, and M. Soruco. 1996. Effects of Conservation 

and Conventional Tillage Systems after Land Clearing on Soil Properties and Crop Yield in 

Santa Cruz, Bolivia. Soil and Tillage Research 38(1): 133–52. 

Bardhan, P., and J. Dayton-Johnson. 2007. Inequality in Governance of Water Resources in 

Mexico and South India. In Inequality, Cooperation, and Environmental Sustainability, ed. 

by Jean-Marie Baland, Pranab Bardhan, and Samuel Bowles. Princeton, NJ: Princeton 

University Press 

Barnett, B.J., and O. Mahul. 2007. Weather Index Insurance for Agriculture and Rural Areas in 

Lower-income Countries. American Journal of Agricultural Economics 89(5): 1241–247. 

Basamba, T.A., E. Barrios, E. Amezquita, I. Rao, and B. Singh. 2006. Tillage Effects on Maize 

Yield in a Colombian Savanna Oxisol: Soil Organic Matter and P Fractions. Soil and Tillage 

Research 91(1): 131–42. 

Beer, J., R. Muschler, D. Kass, and E. Somarriba. 1998. Shade Management in Coffee and Cacao 

Plantations. Agroforestry Systems 38: 134–64. 

Bertol, I., N. Cogo, and R. Levien. 1989. Cobertura monta e methodos de preparo de solo na 

erosao hidrica em solo corn crosta superficial. Revista Brasileira de Ciência do Solo 13: 

373–79. 

Besley, T. 1995. Nonmarket Institutions for Credit and Risk Sharing in Low-income Countries. 

The Journal of Economic Perspectives 9(3): 115–27. 

Besley, T., and A. Case. 1993. Modeling Technology Adoption in Developing Countries. The 

American Economic Review 83(2): 392–402. 

http://dx.doi.org/10.2139/ssrn.1320666


50 
 

Blench, R., and Z. Marriage. 1998. Climatic Uncertainty and Natural Resource Policy: What 

Should the Role of Government Be? Natural Resource Perspectives No. 31. London: 

Overseas Development Institute. 

Bot, A., and J. Benites. 2001. Conservation Agriculture: Case Studies in Latin America and 

Africa. Rome: UN Food and Agriculture Organization. 

Bruinsma, J. 2009.  The Resource Outlook to 2050: By How Much Do Land, Water Use and 

Crop Yields Need to Increase by 2050?  Paper prepared for the Expert Meeting on How to 

Feed the World in 2050, Food and Agriculture Organization, Rome.  Available at: 

ftp://ftp.fao.org/docrep/fao/012/ak542e/ak542e06.pdf 

Calonego, J.C., and C.A. Rosolem. 2010. Soybean Root Growth and Yield in Rotation with 

Cover Crops under Chiseling and No-Till. European Journal of Agronomy 33(3): 242–49. 

Candel, F.M. 2007. Climate Change and the Global Insurance Industry: Impacts and Problems in 

Latin America. The Geneva Papers on Risk and Insurance-Issues and Practice 32(1): 29–34. 

Cannell, M. 1983. Coffee. Biologist 30: 257–63. 

Cannell, M. 1985. Physiology of the Coffee Crop. In Coffee: Botany, Biochemistry and 

Production of Beans and Beverage, ed. by Clifford, M.N. and K.C. Wilson. London: Croom 

Helm. 

Carr, M. 2001. The Water Relations and Irrigation Requirements of Coffee. Experimental 

Agriculture 37: 1–36. 

Carter, M.R., P. Little, T. Mogues, and W. Negatu. 2004. Shocks, Sensitivity and Resilience: 

Tracking the Economic Impacts of Environmental Disaster on Assets in Ethiopia and 

Honduras. University of Wisconsin Agricultural and Applied Economics Staff Paper 489. 

Casey, J.F., and J.L. Caviglia. 2000. Deforestation and Agroforestry Adoption in Tropical 

Forests: Can We Generalize? Some Results from Campeche, Mexico and Rondônia, Brazil. 

Paper presented at the Western Agricultural Economics Association Annual Meetings,  

Vancouver, British Columbia. 

Castro Soto, G. 1998.  El impacto de la crisis chiapaneca en la economía.  Chiapas, Mexico: 

Centro de Investigaciones Económicas y Políticas de Acción Comunitaria. 

Caswell, M.F., and D. Zilberman. 1985. The Choices of Irrigation Technologies in California. 

American Journal of Agricultural Economics 67: 223–34.  

Caviglia‐Harris, J.L. 2003. Sustainable Agricultural Practices in Rondônia, Brazil: Do Local 

Farmer Organizations Affect Adoption Rates? Economic Development and Cultural Change 

52(1): 23–49. 

Cesano, D., J. Burney, J. Russell, E. La Rovere, M. Obermaier, T. Corral, and C. Neves. 2013. 

Mudanças climáticas no semiárido da Bahia e estratégias de adaptação da coalizão Adapta 

Sertão para a agricultura familiar.  Inclusão Social 6(1): 88–104. 

Clay, D., T. Reardon, and J. Kangasniemi. 1998. "Sustainable Intensification in the Highland 

Tropics: Rwandan Farmers' Investments in Land Conservation and Soil Fertility," Economic 

Development and Cultural Change, 46 (2): 351-78. 

ftp://ftp.fao.org/docrep/fao/012/ak542e/ak542e06.pdf


51 
 

 Collier, B., J. Skees, and B. Barnett, B. 2009. Weather Index Insurance and Climate Change: 

Opportunities and Challenges in Lower income Countries. The Geneva Papers on Risk and 

Insurance-Issues and Practice 34(3): 401–24. 

Conley, T., and C. Udry. 2003. Learning About a New Technology: Pineapple in Ghana. The 

American Economic Review 100(1): 35–69. 

Cooper, P., J. Dimes, K. Rao, B. Shapiro, B. Shiferaw, B., and S. Twomlow. 2008. Coping 

Better with Current Climatic Variability in the Rain-fed Farming Systems of Sub-Saharan 

Africa: An Essential First Step in Adapting to Future Climate Change?” Agriculture, 

Ecosystems & Environment 126(1): 24–35. 

Coudrain, A., B. Francou, and Z. Kundzewicz. 2005. Glacier Shrinkage in the Andes and 

Consequences for Water Resources. Hydrological Sciences Journal 50(6): 925–32. 

Cramb, R.A. 2000. Processes Influencing the Successful Adoption of New Technologies by 

Smallholders. ACIAR Proceedings Series Report PR095, Australian Centre for International 

Agricultural Research.  

Cunha, D., A. Coelho, J. Féres, M. Braga, and E. Souza. 2013. Irrigação como estratégia de 

adaptação de pequenos agricultores às mudanças climáticas: aspectos econômicos.  Revista 

de Economia e Sociologia Rural 51(2) : 369–86. 

Current, D., E. Lutz, and S. Scherr. 1995. The Costs and Benefits of Agroforestry to Farmers. 

The World Bank Research Observer 10(2): 151–80. 

DaMatta, F.M. 2004. Ecophysiological Constraints on the Production of Shaded and Unshaded 

Coffee: A Review. Field Crops Research 84: 99–114. 

Dayton-Johnson, J. 2000. Determinants of Collective Action on the Local Commons: A Model 

with Evidence from Mexico. Journal of Development Economics 62(1), 181–208. 

de Herrera, A.P., and G. Sain. 1999. Adoption of Maize Conservation Tillage in Azuero, 

Panama. CIMMYT Working Paper 7696. Mexico City: International Maize and Wheat 

Improvement Center. 

Delgado, J.A., P. Groffman, M. Nearing, T. Goddard, D. Reicosky, R. Lal, N. Kitchen, C. Rice, 

D. Towery, and P. Salon. 2011. Conservation Practices to Mitigate and Adapt to Climate 

Change. Journal of Soil and Water Conservation 66(4): 118A–129A. 

DeMaria, I.C., P. Nnabude, and O. De Castro. 1999. Long-term Tillage and Crop Rotation 

Effects on Soil Chemical Properties of a Rhodic Ferralsol in Southern Brazil. Soil and 

Tillage Research 51(1): 71–79. 

Denevan, W., and L. Hartwig. 1986. Measurement of Terrace Abandonment in the Colca Valley. 

In The Cultural Ecology, Archaeology, and History of Terracing and Terrace Abandonment 

in the Colca Valley of Southern Peru, ed. by W. Denevan. Madison: University of Wisconsin 

Department of Geography. 

Derpsch, R., and T. Friedrich. 2009. Development and Current Status of No-till Adoption in the 

World. Paper presented at the 18th Triennial Conference of the International Soil Tillage 

Research Organization (ISTRO), 15-19 June, Izmir, Turkey. 



52 
 

Derpsch, R., N. Sideras, and C. Roth. 1986. Results of Studies Made from 1977 to 1984 to 

Control Erosion by Cover Cops and No-Tillage Techniques in Parana, Brazil. Soil Tillage 

Research 8: 253–63. 

Destro, D., E. Miglioranza, C. Arias, J. Vendrame, and J. Almeida. 2001. Main Stem and Tiller 

Contribution to Wheat Cultivars Yield under Different Irrigation Regimes. Brazilian 

Archives of Biology and Technology 44(4): 325–30. 

De Vita, P., E. Di Paolo, G. Fecondo, N. Di Fonzo, and M. Pisante. 2007. No-tillage and 

Conventional Tillage Effects on Durum Wheat Yield, Grain Quality and Soil Moisture 

Content in Southern Italy. Soil and Tillage Research 92(1): 69–78. 

Diaz-Zorita, M., G. Duarte, and J. Grove. 2002. A Review of No-till Systems and Soil 

Management for Sustainable Crop Production in the Subhumid and Semiarid Pampas of 

Argentina. Soil and Tillage Research 65(1): 1–18. 

Dinar, A., and A. Keck. 1997. Private Irrigation Investment in Colombia: Effects of Violence, 

Macroeconomic Policy, and Environmental Conditions. Agricultural Economics 16(1): 1–15. 

Dinar, A., and D. Yaron. 1992. Adoption and Abandonment of Irrigation Technologies. 

Agricultural Economics 6: 315–32. 

Dinar, A., and A. Zilberman. 1991. The Economics of Resource-Conservation, Pollution-

Reduction Technology Selection: The Case of Irrigation Water. Resources and Energy 13: 

323–48. 

Ding, Y., K. Schoengold, and T. Tadesse. 2009. The Impact of Weather Extremes on 

Agricultural Production Methods: Does Drought Increase Adoption of Conservation Tillage 

Practices? Journal of Agricultural and Resource Economics 34(3): 395–411. 

Dixon, R.K. 1995. Agroforestry Systems: Sources of Sinks of Greenhouse Gases? Agroforestry 

Systems 31(2): 99–116. 

Duflo, E., R. Glennerster, and M. Kremer.  2008.  Using Randomization in Development 

Economics Research: A Toolkit.  In Handbook of Development Economics, Vol. 4, ed. by 

T.P. Schultz and J. Strauss.  Amsterdam: Elsevier Science Ltd. 

Dukes, M. D., E. Simonne, W. Davis, D. Studstill, and R. Hochmuth. 2003. Effect of Sensor-

based High Frequency Irrigation on Bell Pepper Yield and Water Use. In Proceedings 2nd 

International Conference on Irrigation and Drainage, Phoenix, 12-15 May. 

Eakin, H. 2005. Institutional Change, Climate Risk, and Rural Vulnerability: Vases from Central 

Mexico. World Development 33(11), 1923–938. 

Ellis-Jones, J., and T. Mason. 1999. Livelihood Strategies and Assets of Small Farmers in the 

Evaluation of Soil and Water Management Practices in the Temperate Inter-Andean Valleys 

of Bolivia. Mountain Research and Development 19(3): 221–34. 

Eltz, F., R. Peixoto, and F. Jaster. 1989. Efeitos de sistemas de preparo do solo nas propriedades 

fisicas e quimicas de um latussolo bruno ailico. Revista Brasileira de Ciência do Solo 13: 

258–67. 

Erdem, T., Y. Erdem, H.  Orta, and H. Okursoy. 2006. Water-yield Relationships of Potato under 

Different Irrigation Methods and Regimens. Scientia Agricola 63(3): 226–31. 



53 
 

Erenstein, O. 2003. Smallholder Conservation Farming in the Tropics and Sub-tropics: A Guide 

to the Development and Dissemination of Mulching with Crop Residues and Cover Crops. 

Agriculture, Ecosystems & Environment 100(1): 17–37. 

Erenstein, O., K. Sayre, P. Wall, J. Dixon, and J. Hellin. 2008. Adapting No-tillage Agriculture 

to the Conditions of Smallholder Maize and Wheat Farmers in the Tropics and Sub-tropics. 

No-till Farming Systems 100: 253–78. 

Erenstein, O., K. Sayre, P.  Wall, J.  Hellin, and J. Dixon. 2012. Conservation Agriculture in 

Maize- and Wheat-based Systems in the (Sub) Tropics: Lessons from Adaptation Initiatives 

in South Asia, Mexico, and Southern Africa. Journal of Sustainable Agriculture 36(2): 180–

206. 

Fabrizzi, K.P., F. Garcıa, J. Costa, and L. Picone. 2005. Soil Water Dynamics, Physical 

Properties and Corn and Wheat Responses to Minimum and No-tillage Systems in the 

Southern Pampas of Argentina. Soil and Tillage Research 81(1): 57–69. 

FAO (UN Food and Agriculture Organization). 2010. Sustainable Crop Production 

Intensification through an Ecosystem Approach and an Enabling Environment: Capturing 

Efficiency through Ecosystem Services and Management. 22nd Session of the FAO 

Committee on Agriculture, 16-19 June, Rome.  

Feder, G., and D. Umali. 1993. The Adoption of Agricultural Innovations: A Review. 

Technological Forecasting and Social Change 43: 215–39. 

Ferraro, P.J., and A. Kiss. 2002. Direct Payments to Conserve Biodiversity. Science 298: 1718–

719. 

Franchini, J.C., H. Debiassi, A. Balbinot, B. Tonon, J.  Farias, M. Oliveira, and E. Torres. 2012. 

Evolution of Crop Yields in Different Tillage and Cropping Systems over Two Decades in 

Southern Brazil. Field Crops Research 137: 178–85. 

Frangi, J.L., M. Arturo, J. Goya, S. Vaccaro, N. Olivieri, and G. Piccolo. 2003. Guidelines for 

the Management of South Central Plantations in Misiones. INTA Experimental Station Cerro 

Azul Technical Bulletin No. 5. 

Franzel, S., and S. Scherr (eds.). 2002. Trees on the Farm: Assessing the Adoption Potential of 

Agroforestry Practices in Africa. New York: CABI Publishing. 

Fujisaka, S. 1994. Learning from Six Reasons Why Farmers Do Not Adopt Innovations Intended 

to Improve Sustainability of Upland Agriculture. Agricultural Systems 46: 409–25. 

Gamboa, V.G., J. Barkmann, and R. Marggraf. 2010. Social Network Effects on the Adoption of 

Agroforestry Species: Preliminary Results of a Study on Differences on Adoption Patterns in 

Southern Ecuador. Procedia-Social and Behavioral Sciences 4: 71–82. 

Garcıa-Préchac, F., O. Ernst, G. Siri-Prieto, and J. Terra. 2004. Integrating No-till into Crop-

Pasture Rotations in Uruguay. Soil and Tillage Research 77(1): 1–13. 

Geerts, S., and D. Raes. 2009. Deficit Irrigation as an On-farm Strategy to Maximize Crop Water 

Productivity in Dry Areas. Agricultural Water Management 96(9): 1275–284. 



54 
 

Geerts, S., D. Raes, M. Garcia, J. Vacher, R. Mamani, J. Mendoza, J. Cusicanqui, and C. 

Taboada. 2008. Introducing Deficit Irrigation to Stabilize Yields of Quinoa (Chenopodium 

quinoa Willd.). European Journal of Agronomy 28(3): 427–36. 

Giller, K., E. Witter, M. Corbeels, and P. Tittonell. 2009. Conservation Agriculture and 

Smallholder Farming in Africa: The Heretics’ View. Field Crops Research 14: 23–34. 

Gloor, M., L. Gatti, R. Brienen, T.R. Feldpausch, O.L. Phillips, J. Miller, and J. Lloyd. 2012. 

The Carbon Balance of South America: A Review of the Status, Decadal Trends and Main 

Determinants. Biogeosciences 9(12), 5407–430. 

Gould, B.W., W. Saupe, and R. Klemme. 1989. Conservation Tillage: The Role of Farm and 

Operator Characteristics and the Perception of Soil Erosion. Land Economics 65(2): 167–82. 

Govaerts, B., K. Sayre, and J. Deckers. 2005. Stable High Yields with Zero Tillage and 

Permanent Bed Planting? Field Crops Research 94(1): 33–42. 

Govaerts, B., N. Verhulst, A. Castellanos-Navarrete, K.D. Sayre, J. Dixon, and L. Dendooven. 

2009. Conservation Agriculture and Soil Carbon Sequestration: Between Myth and Farmer 

Reality. Critical Reviews in Plant Sciences 28(3): 97-122. 

Graça, L., L. Ribas, and A. Baggio. 1986. A rentabilidade económica da bracatinga no Paraná. 

Boletim de Pesquisa Florestal (EMBRAPA, Brazil) 12: 47–72. 

Grieg-Gran, M., I. Porras, and S. Wunder. 2005. How Can Market Mechanisms for Forest 

Environmental Services Help the Poor? Preliminary Lessons from Latin America. World 

Development 33(9): 1511–527. 

Guillet, D., D. Browman, T. D’Altroy, R. Hunt, G. Knapp, T. Lynch, W. Mitchell, A. Oliver-

Smith,  J. Parsons, J. Quilter, J. Sherbondy, and J. Treacy. 1987. Terracing and Irrigation in 

the Peruvian Highlands [and Comments and Reply]. Current Anthropology 28(4): 409–30. 

Gyau, A., M. Chiatoh, S. Franzel, E. Asaah, and J. Donovan. 2012. Determinants of Farmers’ 

Tree Planting Behaviour in the North West Region of Cameroon: The Case of Prunus 

Africana. International Forestry Review 14(3): 265–74. 

Hall, A., 2008. Better RED than Dead:  Paying the People for Environmental Services in 

Amazonia. Biological Sciences 363: 1925–932. 

Hansen, D.O., J. Erbaugh, and T. Napier. 1987. Factors Related to Adoption of Soil 

Conservation Practices in the Dominican Republic. Journal of Soil and Water Conservation 

42(5): 367–69. 

Hellin, J., and M. Haigh. 2002. Impact of Vetiveria Zizanioides (Vetiver Grass) Live Barriers on 

Maize Production in Honduras. In Proceedings of the 12th ISCO Conference Volume 3, 

Ministry of Water Resources, People’s Republic of China. 

Hertel, T.W., M. Burke, and D. Lobell. 2010. The Poverty Implications of Climate-induced Crop 

Yield Changes by 2030. Global Environmental Change 20(4): 577–85. 

Hess, U. 2003. Innovative Financial Services for Rural India: Monsoon-Indexed Lending and 

Insurance for Smallholders. Agriculture and Rural Development Department Working Paper 

No. 9. Washington, DC: World Bank. 



55 
 

Holt-Giménez E. 2002. Measuring Farmers’ Agroecological Resistance after Hurricane Mitch in 

Nicaragua: A Case Study in Participatory, Sustainable Land Management Impact 

Monitoring. Agriculture, Ecosystems and Environment 93: 87–105. 

Howell, T.A. 2001. Enhancing Water Use Efficiency in Irrigated Agriculture. Agronomy Journal 

93(2): 281–89. 

ICAFE (Instituto del Café de Costa Rica). 1989.  Manual de recomendaciones para el cultivo del 

café.  San Jose (Costa Rica): Ministerio de Agricultura y Ganadería. 

Ilany, T., M. Ashton, F. Montagnini, and C. Martinez. 2010. Using Agroforestry to Improve Soil 

Fertility: Effects of Intercropping on Ilex Paraguariensis (Yerba Mate) Plantations with 

Araucaria Angustifolia. Agroforestry Systems 80(3): 399–409. 

IPCC (Intergovernmental Panel on Climate Change). 2000. Land-use, Land-use Change and 

Forestry: Special Report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press, UK. 

IPCC (Intergovernmental Panel on Climate Change). 2001. Climate Change 2001: The Scientific 

Assessment. Intergovernmental Panel on Climate Change. Cambridge, UK: Cambridge 

University Press. 

IPCC (Intergovernmental Panel on Climate Change). 2007. Climate Change Impacts, Adaptation 

and Vulnerability, Working Group II Fourth Assessment Report. 

Jansen, H., M. Ibrahim, M. A. Nieuwenhuyse, and L. Mannetje. 1997. The Economics of 

Improved Pasture and Silvipastoral Technologies in the Atlantic Zone of Costa Rica. 

Tropical Grasslands 6(31): 588–98. 

Jansen, H.G., A. Rodriguez, A. Damon, J. Pender, J. Cheniern, and R. Schipper. 2006. 

Determinants of Income-earning Strategies and Adoption of Conservation Practices in 

Hillside Communities in Rural Honduras. Agricultural Systems 88(1):  92–110. 

Jones, P.G., and P.K. Thornton. 2003. The Potential Impacts of Climate Change on Maize 

Production in Africa and Latin America in 2055. Global Environmental Change 13(1): 51–

59. 

Kandji, S.T., L. Verchot, J. Mackensen, A. Boye, M. van Noordwijk, T. Tomich, C. Ong, A. 

Albrecht, and C. Palm. 2006. Opportunities for Linking Climate Change Adaptation and 

Mitigation through Agroforestry Systems. In World Agroforestry into the Future. Nairobi: 

World Agroforestry Centre. 

Kass, D., and E. Somarriba. 1999. Traditional Fallows in Latin America. Agroforestry Systems 

47(1-3): 13–36. 

Kassam, A., T. Friedrich, F. Shaxson, and J. Pretty. 2009. The Spread of Conservation 

Agriculture: Justification, Sustainability and Uptake. International Journal of Agricultural 

Sustainability 7(4): 292–320. 

Kerr, J. 2002. Watershed Development, Environmental Services, and Poverty Alleviation in 

India. World Development 30(8): 1387–400. 



56 
 

Kettler, J.S. 1996. Fallow Enrichment of a Traditional Slash/Mulch System in Southern Costa 

Rica: Comparisons of Biomass Production and Crop Yield. Agroforestry Systems 35(2): 165–

76. 

Kirda, C., S. Topcu, H. Kaman, A. Ulger, A. Yazici, M. Cetin, and M. Derici. 2005. Grain Yield 

Response and N-Fertiliser Recovery of Maize under Deficit Irrigation. Field Crop Research 

93: 132–41. 

Klooster, D., and O. Masera. 2000. Community Forest Management in Mexico: Carbon 

Mitigation and Biodiversity Conservation through Rural Development. Global 

Environmental Change 10(4): 259–72. 

Knowler, D., and B.  Bradshaw. 2007. Farmers’ Adoption of Conservation Agriculture: A 

Review and Synthesis of Recent Research. Food Policy 32(1): 25–48. 

Kosoy, N., E. Corbera, and K. Brown. 2008. Participation in Payments for Ecosystem Services: 

Case Studies from the Lacandon Rainforest, Mexico. Geoforum 39: 2073–083. 

Koundouri, P., C. Nauges, and V. Tzouvelekas. 2006. Technology Adoption under Production 

Uncertainty: Theory and Application to Irrigation Technology. American Journal of 

Agricultural Economics 88(3): 657–70. 

Krupinsky J., K. Bailey, M. McMullen, B. Gossen, and T. Turkington. 2002. Managing Plant 

Disease Risk in Diversified Cropping Systems. Agronomy Journal 94: 198–209. 

Laclau, B.P., and J.P. Laclau. 2009. Growth of the Whole Root System for a Plant Crop of 

Sugarcane under Rainfed and Irrigated Environments in Brazil. Field Crops Research 

114(3): 351–60. 

Lagemann, J., and J. Heuveldop. 1983. Characterization and Evaluation of Agroforestry 

Systems: The Case of Acosta-Puriscal, Costa Rica. Agroforestry Systems 1: 101–15. 

Landell-Mills, N., and I. Porras. 2002. Silver Bullet or Fools’ Gold? A Global Review of Markets 

for Forest Environmental Services and Their Impact on the Poor. London, UK: International 

Institute for Environment and Development (IIED). 

La Scala, N., D. Bolonhezi, and G. Pereira. 2006. Short-term Soil CO2 Emission after 

Conventional and Reduced Tillage of a No-till Sugar Cane Area in Southern Brazil. Soil and 

Tillage Research 91(1-2): 244–48. 

Lemos, M.C., T. Finan, R. Fox, D. Nelson, and J. Tucker. 2002. The Use of Seasonal Climate 

Forecasting in Policy Making: Lessons from Northeast Brazil. Climate Change 55: 479–507. 

Levien, R., N. Cogo, and C. Ruckenback. 1990.  Erosao na cultura do milho em diferentes 

sistemas de cultivo anterior e methodos de preparo do solo. Revista Brasileira de Ciência do 

Solo 14: 75–80. 

Lin, B.B. 2007. Agroforestry Management as an Adaptive Strategy against Potential 

Microclimate Extremes in Coffee Agriculture. Agricultural and Forest Meteorology 144: 85–

94. 

Lin, B.B. 2011. Resilience in Agriculture through Crop Diversification: Adaptive Management 

for Environmental Change. BioScience 61(3): 183–93. 



57 
 

Lin, B.B., I. Perfecto, and J. Vandermeer. 2008. Synergies between Agricultural Intensification 

and Climate Change Could Create Surprising Vulnerabilities for Crops. Bioscience 58(9): 

847–54. 

Linnerooth-Bayer, J., and R. Mechler. 2006. Insurance for Assisting Adaptation to Climate 

Change in Developing Countries: A Proposed Strategy. Climate Policy 6(6): 621–36. 

Lobell, D.B., M. Burke, C. Tebaldi, M. Mastrandrea, W. Falcon, and R. Naylor. 2008. 

Prioritizing Climate Change Adaptation Needs for Food Security in 2030. Science 

319(5863): 607–10. 

Locatelli, B., V. Evans, A. Wardell, A. Andrade, and R. Vignola. 2011. Forests and Climate 

Change in Latin America: Linking Adaptation and Mitigation. Forests 2(1): 431–50. 

Lutz, E., S. Pagiola, and C. Reiche. 1994. The Costs and Benefits of Soil Conservation: The 

Farmers’ Viewpoint. The World Bank Research Observer 9(2): 273–95. 

Machado, J.A. 1976. Efeito dos sitemes de cultivco reduzido e convencional ne alteracao de 

algumas propriededes fisicas e quimicas do solo. Professorhsip thesis. UFSMIR.  

Magalhaes, A.C., and L. Angelocci. 1976. Sudden Alterations in Water Balance Associated with 

Flower Bud Opening in Coffee Plants. Journal of Horticultural Science 51: 419–21. 

Manley, J., G. van Kooten, K. Moeltner, and D. Johnson. 2005. Creating Carbon Offsets in 

Agriculture through No-till Cultivation: A Meta-analysis of Costs and Carbon Benefits. 

Climatic Change 68(1-2): 41–65. 

Marouelli, W., and W. Silva. 2007. Water Tension Thresholds for Processing Tomatoes under 

Drip Irrigation in Central Brazil. Irrigation Science 25(4): 411–18. 

Marouelli, W., R. Sant’Ana, W. Silva, C. Moretti, and N. Vilela. 2003. Avaliação técnica e 

econômica do espaçamento de gotejadores em tomateiro para processamento cultivado em 

Wleiras simples e duplas. Horticultura Brasileira 21: 202–06 

Masson, L. 1984. Las terrazas agricolas: Una tecnologia olvidada en el Peru. Lima: Banco 

Continental. 

McCarthy, N., and T. Essam. 2009. Impact of Water User Associations on Agricultural 

Productivity in Chile. IFPRI Discussion Paper 00892. Washington, DC: International Food 

Policy Research Institute. 

McCarthy, N., L. Lipper, and G. Branca. 2011. Climate Smart Agriculture: Smallholder 

Adoption and Implications for Climate Change Adaptation and Mitigation. Mitigation of 

Climate Change in Agriculture Working Paper 3. Rome: UN Food and Agriculture 

Organization. 

Mendelsohn, R., and A. Dinar. 1999. Climate Change, Agriculture, and Developing Countries: 

Does Adaptation Matter? The World Bank Research Observer 14(2): 277–93. 

Mendelsohn, R., and N. Seo. 2007. Changing Farm Types and Irrigation as an Adaptation to 

Climate Change in Latin American Agriculture. Washington, DC: World Bank:  

Mercer, D.E. 2004. Adoption of Agroforestry Innovations in the Tropics: A Review. 

Agroforestry Systems 61(1-3): 311–28. 



58 
 

Mertz, O., K. Halsnæs, J. Olesenm, and K. Rasmussen. 2009. Adaptation to Climate Change in 

Developing Countries. Environmental Management 43(5): 743–52. 

Mills, E. 2007. Synergisms between Climate Change Mitigation and Adaptation: An Insurance 

Perspective. Mitigation and Adaptation Strategies for Global Change 12(5): 809–42. 

Miranowski, J., and J. Shortle. 1986. Effects of Risk Perceptions and Other Characteristics of 

Farmers and Farm Operations on the Adoption of Conservation Tillage Practices. 

Department of Economics Staff General Research Paper No. 10703, University of Iowa. 

Mirza, M. 2003. Climate Change and Extreme Weather Events: Can Developing Countries 

Adapt? Climate Policy 3(3): 233–48. 

Mondardo, A., M. Vieira, R.  Biscaia, F. Castro, and R. Rufino. 1979. Erosion Studies for 

Different Tillage and Crop Systems in the State of Parana. Brazil. In Proceedings of the 8th 

Conference of the International Soil Tillage Research Organization, University of 

Hohenheim, Stuttgart, Germany. 

Monneveux, P., E. Quillerou, C. Sanchez, and J. Lopez-Cesati. 2006. Effect of Zero Tillage and 

Residues Conservation on Continuous Maize Cropping in a Subtropical Environment 

(Mexico). Plant and Soil 279(1-2): 95–105. 

Montagnini, F., and P.K. Nair. 2004. Carbon Sequestration: An Underexploited Environmental 

Benefit of Agroforestry Systems. Agroforestry Systems 61(1-3): 281–95. 

Morton, J.F. 2007. The Impact of Climate Change on Smallholder and Subsistence Agriculture. 

Proceedings of the National Academy of Sciences 104(50): 19680–685. 

Murillo, R., B. Kilian, and R. Castro. 2011. Leveraging and Sustainability of PES: Lessons 

Learned in Costa Rica. In Ecosystem Services from Agriculture and Agroforestry: 

Measurement and Payment, ed. by B. Rapidel, F. DeClerck, J. LeCoq and J. Beer. London: 

Earthscan. 

Muschler, R. 1997. Shade or Sun for Ecologically Sustainable Coffee Production: A Summary of 

Key Environmental Factors. In Actas de la III. semana científica, 3–5 Centro Agronomico 

Tropical de Investigacion y Ensenanza (CATIE), Turrialba, Costa Rica. 

Muschler, R.G., and A. Bonnemann. 1997. Potentials and Limitations of Agroforestry for 

Changing Land-use in the Tropics: Experiences from Central America. Forest Ecology and 

Management 91(1): 61–73. 

Napier, T.L., and S.M. Camboni.  1993.  Use of Conventional and Conservation among Farmers 

in the Scioto River Basin of Ohio.  Journal of Soil and Water Conservation 48(3): 231–37. 

Negri, D., and D. Brooks. 1990. Determinants of Irrigation Technology Choice. Western Journal 

of Agricultural Economics 15: 213–23. 

Neill, S.P., and D. Lee. 2001. Explaining the Adoption and Disadoption of Sustainable 

Agriculture: The Case of Cover Crops in Northern Honduras. Economic Development and 

Cultural Change 49(4): 793–820. 

Nelson, A., and K. Chomitz. 2002. The Forest-Hydrology-Poverty Nexus in Central America: An 

Heuristic Analysis. Washington, DC: World Bank. 



59 
 

Nelson, K.C., and B. de Jong. 2003. Making Global Initiatives Local Realities: Carbon 

Mitigation Projects in Chiapas, Mexico. Global Environmental Change 13(1): 19–30. 

Nichols, J.D., M. Rosemeyer, F. Carpenter, and J. Kettler. 2001. Intercropping Legume Trees 

with Native Timber Tees Rapidly Restores Cover to Eroded Tropical Pasture without 

Fertilization. Forest Ecology and Management 152(1):  195–209. 

Nimlos, T.J., and R. Savage. 1991. Successful Soil Conservation in the Ecuadorian Highlands. 

Journal of Soil and Water Conservation 46(5): 341–43. 

Nolasco, M. 1985. Café y sociedad en México. Mexico City: Centro de Ecodesarrollo. 

Nunes, M., J. Bierhuizen, and C. Ploegman. 1968. Studies on the Productivity of Coffee, I: 

Effect of Light, Temperature, and CO2 Concentration on Photosynthesis of Coffea arabica. 

Acta Botanica Neerlandica 17: 93–102. 

Nutman, F.J. 1937. Studies on the Physiology of Coffea arabica, I: Photo Synthesis of Coffee 

Leaves under Natural Conditions. Annals of Botany 1: 353–67. 

Obalum, S.E., G. Ezenne, Y. Watanabe, and T. Wakatsuki. 2011. Contemporary Global Issue of 

Rising Water Scarcity for Agriculture: The Quest for Effective and Feasible Soil Moisture 

and Free-Water Surface Conservation Strategies. Journal of Water Resource and Protection 

3(3): 166–75. 

Oelbermann, M., R.P. Voroney, and A. Gordon. 2004. Carbon Sequestration in Tropical and 

Temperate Agroforestry Systems: A Review with Examples from Costa Rica and Southern 

Canada. Agriculture, Ecosystems & Environment 104(3): 359–77. 

Oliveira, F., A.C. Collado, and L. Leite. 2012. Autonomy and Sustainability: An Integrated 

Analysis of the Development of New Approaches to Agrosystem Management in Family-

based Farming in Carnaubais Territory, Piauí, Brazil. Agricultural Systems 115: 1–9. 

Ortiz, R., K. Sayre, B. Govaerts, R. Gupta, G. Subbarao, T. Ban, D. Hodons, J.M. Dixon, J.I. 

Ortiz-Monasterio, and M. Reynolds. 2008. Climate Change: Can Wheat Beat the Heat? 

Agriculture, Ecosystems & Environment 126(1): 46–58. 

Pagiola, S. 1999. Economic Analysis of Incentives for Soil Conservation. In Using Incentives for 

Soil Conservation, ed. by D.W. Sanders, P.C. Huszar, S. Sombatpanit, and T. Enters. New 

Delhi: IBH Publishing. 

Pagiola, S., A. Arcenas, and G. Platais. 2005. Can Payments for Environmental Services Help 

Reduce Poverty? An Exploration of the Issues and the Evidence to Date from Latin America. 

World Development 33(2): 237–53. 

Parry, M., C. Rosenzweig, A. Iglesias, G. Fischer, and M. Livermore. 1999. Climate Change and 

World Food Security: A New Assessment. Global Environmental Change 9: 51–67. 

Pattanayak, S.K., D. Mercer, E. Sills, and J. Yang. 2003. Taking Stock of Agroforestry Adoption 

Studies. Agroforestry Systems 57(3): 173–86. 

Pattanayak, S.K., S. Wunder, and P.J. Ferraro. 2010. Show Me the Money: Do Payments Supply 

Environmental Services in Developing Countries? Review of Environmental Economics and 

Policy 4(2): 254–74. 



60 
 

Pfaff, A., J.A. Robalino, and G.A. Sanchez-Azofeifa. 2008. Payments for Environmental 

Services: Empirical Analysis for Costa Rica. Terry Sanford Institute of Public Policy, Duke 

University, Durham, NC. 

Philpott, S.M., B.B. Lin, S. Jha, and S.J. Brines. 2008. A Multi-scale Assessment of Hurricane 

Impacts on Agricultural Landscapes Based on Land Use and Topographic Features. 

Agriculture, Ecosystems and Environment 128: 12–20. 

Pichón, F.J., and J.E. Uquillas. 1997. Agricultural Intensification and Poverty Reduction in Latin 

America’s Risk-prone Areas: Opportunities and Challenges. The Journal of Developing 

Areas 31(4): 479–514. 

Plath, M., K. Mody, C. Potvin, and S. Dorn. 2011. Do Multipurpose Companion Trees Affect 

High Value Timber Trees in a Silvopastoral Plantation System? Agroforestry Systems 81(1): 

79–92. 

Posthumus, H. 2005. Adoption of Terraces in the Peruvian Andes. Wageningen University and 

Research Centre. 

Pretty, J.N., A. Noble, D. Bossio, J. Dixon, R. Hine, F. Penning de Vries, and J. Morison. 2006. 

Resource-conserving Agriculture Increases Yields in Developing Countries. Environmental 

Science & Technology 40(4): 1114–119. 

Prokopy, L.S., K. Floress, D. Klotthor-Weinkauf, and A. Baumgart-Getz. 2008. Determinants of 

Agricultural Best Management Practice Adoption: Evidence from the Literature. Journal of 

Soil and Water Conservation 63(5): 300–11. 

Rahm, M., and W. Huffman. 1984. The Adoption of Reduced Tillage: The Role of Human 

Capital and Other Variables. American Journal of Agricultural Economics 66(4): 405–13. 

Ramachandran Nair, P.K., B. Mohan Kumar, and V.D. Nair. 2009. Agroforestry as a Strategy for 

Carbon Sequestration. Journal of Plant Nutrition and Soil Science 172(1): 10–23. 

Ramirez, L.G. 1993. Producción de café (Coffea arabica) bajo diferentes niveles de fertilización 

con y sin sombra de Erythrina poeppigiana (Walpers) In Erythrina in the New and Old 

Worlds, ed. by S.B. Westley, and M.H. Powell. Paia, Hawaii: Nitrogen Fixing Tree 

Association. 

Redclift, M. 1989. The Environmental Consequences of Latin America’s Agricultural 

Development: Some Thoughts on the Brundtland Commission Report. World Development 

17(3): 365–77. 

Riezebos, H.T., and A. Loerts. 1998. Influence of Land Use Change and Tillage Practice on Soil 

Organic Matter in Southern Brazil and Eastern Paraguay. Soil and Tillage Research 49(3): 

271–75. 

Ringler, C., M.W. Rosegrant, and M.S. Paisner. 2000. Irrigation and Water Resources in Latin 

America and the Caribbean: Challenges and Strategies. Environment and Production 

Technology Division Discussion Paper No. 64. Washington, DC: International Food Policy 

Research Institute (IFPRI). 

Rojas-Blanco, A.V. 2006. Local Initiatives and Adaptation to Climate Change. Disasters 30(1): 

140–47. 



61 
 

Roldán, A., F. Caravaca, M.  Hernández, C. Garcia, O. Sánchez-Brito, M. Velásquez, and M. 

Tiscareño. 2003. No-tillage, Crop Residue Additions, and Legume Cover Cropping Effects 

on Soil Quality Characteristics under Maize in Patzcuaro Watershed (Mexico). Soil and 

Tillage Research 72(1): 65–73. 

Rosenzweig, C., A. Iglesias, X. Yang, P.R. Epstein, and E. Chivian. 2001. Climate Change and 

Extreme Weather Events; Implications for Food Production, Plant Diseases, and Pests. 

Global Change & Human Health 2(2): 90–104. 

Rosenzweig, C., and F.N. Tubiello. 2007. Adaptation and Mitigation Strategies in Agriculture: 

An Analysis of Potential Synergies. Mitigation and Adaptation Strategies for Global Change 

12(5): 855–73. 

Roth, C., B. Meyer, H. Frede, and R. Derpsch. 1986. The Effect of Different Soya Bean Tillage 

Systems on Infiltrability and Erosion Susceptibility of an Oxisol in Parana, Brazil. Z. Acker 

Pflanzenbau 157: 217–26. 

Rounsevell, M., S. Evans, and P. Bullock. 1999. Climate Change and Agricultural Soils: Impacts 

and Adaptation. Climatic Change 43(4): 683–709. 

Rusinamhodzi, L., M. Corbeels, M. van Wijk, M. Rufino, J. Nyamangara, and K. Giller. 2011. A 

Meta-analysis of Long-term Effects of Conservation Agriculture on Maize Grain Yield under 

Rain-fed Conditions. Agronomy for Sustainable Development 31(4): 657–73. 

Sain, G.E., and H.J. Barreto. 1996. The Adoption of Soil Conservation technology in El 

Salvador: Linking Productivity and Conservation. Journal of Soil and Water Conservation 

51(4): 313–21. 

Salinger, M.J., M. Sivakumar, and R. Motha. 2005. Reducing Vulnerability of Agriculture and 

Forestry to Climate Variability and Change: Workshop Summary and Recommendations. 

Climatic Change 70(1-2): 341–62. 

Salinger, M.J., C. Stigter, and H. Das. 2000. Agrometeorological Adaptation Strategies to 

Increasing Climate Variability and Climate Change.  Agricultural and Forest Meteorology 

103(1): 167–84. 

Saltiel, J., J. Bauder, and S. Palakovich. 1994. Adoption of Sustainable Agricultural Practices: 

Diffusion, Farm Structure and Profitability. Rural Sociology 59(2): 333–49. 

Sanchez, P.A. 1999. Improved Fallows Come of Age in the Tropics. Agroforestry Systems 47(1-

3): 3–12. 

San Martin, O. 2002. Water Resources in Latin America and the Caribbean: Issues and Options. 

IDB Sustainable Development Department, Environment Division. Washington, DC: Inter-

American Development Bank. 

Schimmelpfennig, D., J. Lewandrowski, J. Reilly, M. Tsigas, I. Parry, R. Mendelsohn, R., and T. 

Mount. 1996. Agricultural Adaptation to Climate Change. Economic Research Service 

Agricultural Economic Report 740, U.S. Department of Agriculture. 

Schroth, G., P. Laderach, J. Dempewolf, S. Philpott, J. Haggar, H. Eakin, T. Castillejos, J. 

Moreno, L.  Soto-Pinto, R. Hernandez, A. Eitzinger, and J. Ramirez-Villegas. 2009. Towards 

a Climate Change Adaptation Strategy for Coffee Communities and Ecosystems in the Sierra 



62 
 

Madre de Chiapas, Mexico. Mitigation and Adaptation Strategies for Global Change 14(7): 

605–25. 

Scopel, E. 1996.  Estudio de Sistemas de Cultivo Sostenibles y Productivos con Labranza de 

Conservación en Maiz de Temporal en México: Informe de actividades cientificas 1994 & 

1995.  CIMMYT/CIRAD-CA/INIFAP, Mexico City. 

Scopel, E., F. Tardieu, G. Edmeades, and M. Sebillotte. 2013. Effects of Conservation Tillage on 

Water Supply and Rainfed Maize Production in Semiarid Zones of West-Central Mexico. 

Mexico City: International Maize and Wheat Improvement Center (CIMMYT). 

Scopel, E., B. Triomphe, M. Ribeiro, L. Séguy, J. Denardin, and R. Kochann. 2004. Direct 

Seeding Mulch-based Cropping Systems (DMC) in Latin America. In New Directions for a 

Diverse Planet: Proceedings for the 4th International Crop Science Congress, Brisbane, 

Australia (Vol. 26). 

Seo, S.N. 2010. A Macroeconometric Analysis of Adapting Portfolios to Climate Change: 

Adoption of Agricultural Systems in Latin America. Applied Economic Perspectives and 

Policy 32(3): 489–514. 

Seo, S.N. 2011. An Analysis of Public Adaptation to Climate Change Using Agricultural Water 

Schemes in South America. Ecological Economics 70(4): 825–34. 

Shiferaw, B., and S. Holden. 1998. Resource Degradation and Adoption of Land Conservation 

Technologies in the Ethiopian Highlands: A Case Study in Andit Tid, North Shewa. 

Agricultural Economics 18: 233–47. 

Shiferaw, B., and S. Holden. 2001. Farm-level Benefits to Investments for Mitigating Land 

Degradation: Empirical Evidence from Ethiopia. Environment and Development Economics 

6(3): 335–58. 

Shortle, J.S. and J.A. Miranowski. 1987. Intertemporal Soil Resource Use: Is it Socially 

Excessive? Journal of Environmental Economics and Management 14(2): 99–111. 

Sidiras, N., Henklain, J.C., and Derpsch, R., 1982. Vergleich yon drei 

Bodenbearbeitungsverfahren in bezug auf einige physikalische Eigenschaften, Boden- und 

Wasserkonservierung und Ertrage von Soja und Weizen auf einem Oxisol. Z. Aeker 

Pflanzenbau 151: 137–48. 

Sills, E., R. Arriagada, S.K. Pattanayak, P. Ferraro, L. Carrasco, E. Ortiz, S. Cordero, and K. 

Andam. 2008.  Impact of the PSA Program on Land Use. In Ecomarkets: Costa Rica’s 

Experience with Payments for Environmental Services, ed. By G. Platais and S. Pagiola.  

Washington, DC: World Bank. 

Silva, W. and W. Marouelli. 1999. State of the Art of Irrigation Research on Processing 

Tomatoes in Brazil. Acta Horticulturae 487:487–91. 

Silva-Forsberg, M. and P. Fearnside. 1997. Brazilian Amazonian Caboclo Agriculture: Effect of 

Fallow Period on Maize Yield. Forest Ecology and Management 97(3): 283–91. 

Sisti, C. P., H. dos Santos, R. Kohhann, B. Alves, S. Urquiaga, and R. Boddey. 2004. Change in 

Carbon and Nitrogen Stocks in Soil under 13 Years of Conventional or Zero Tillage in 

Southern Brazil. Soil and Tillage Research 76(1): 39–58. 



63 
 

Smit, B., and O. Pilifosova. 2003. Adaptation to Climate Change in the Context of Sustainable 

Development and Equity. In Climate Change 2001: Impacts, Adaptation and Vulnerability, 

ed. by J. McCarthy, O. Canziani, N. Leary, D. Dokken, and K. White.  Cambridge, UK: 

IPCC and Cambridge University Press. 

Smit, B., and J. Smithers, J. 1992. Adoption of Soil Conservation Practices: An Empirical 

Analysis in Ontario, Canada. Land Degradation and Rehabilitation 3(1): 1–14. 

Smith, P., D. Martino, Z. Cai, D. Gwary, H. Janzen, P. Kumar, et al. 2007. Policy and 

Technological Constraints to Implementation of Greenhouse Gas Mitigation Options in 

Agriculture. Agriculture, Ecosystems & Environment 118(1): 6–28. 

Somarriba, E., J. Beer, J. Alegre-Orihuela, H. Andrade, R. Cerda, F. DeClerck, et al. 2012. 

Mainstreaming Agroforestry in Latin America. Advances in Agroforestry 9: 429–53. 

Sood, K.K., and C.P. Mitchell. 2006. Importance of Human Psychological Variables in 

Designing Socially Acceptable Agroforestry Systems. Forests, Trees and Livelihoods 16(2): 

127–37. 

Sorrenson, W.J., C. Duarte, and J. López Portillo. 1998. Economics of No-till Compared to 

Conventional Cultivation Systems on Small Farms in Paraguay: Policy and Investment 

Implications. Report on Soil Conservation Project MAG-GTZ (August). 

Soto-Pinto, L., I. Perfecto, J. Castillo-Hernandez, and J. Caballero-Nieto. 2000. Shade Effect on 

Coffee Production at the Northern Tzeltal Zone of the State of Chiapas, Mexico. Agriculture, 

Ecosystems & Environment 80(1): 61–69. 

Soule, M.J., A. Tegene, and K. Wiebe. 2000. Land Tenure and the Adoption of Conservation 

Practices. American Journal of Agricultural Economics 82(4): 993–1005. 

Southgate, D., and S. Wunder. 2009. Paying for Watershed Services in Latin America: A Review 

of Current Initiatives. Journal of Sustainable Forestry 28: 497–524. 

Stagnari, F., S. Ramazzotti, and M. Pisante. 2010. Conservation Agriculture: A Different 

Approach for Crop Production through Sustainable Soil and Water Management: A Review. 

Sustainable Agriculture Reviews 1: 55–83. 

Steppler, H.A., and P.R. Nair. 1987. Agroforestry: A Decade of Development. Nairobi: 

International Council for Research in Agroforestry (ICRAF). 

Swinton, S.M. 2000. More Social Capital, Less Erosion: Evidence from Peru’s Altiplano. 

Department of Agricultural Economics, Michigan State University, East Lansing. 

Tengö, M., and K. Belfrage. 2004. Local Management Practices for Dealing with Change and 

Uncertainty: A Cross-scale Comparison of Cases in Sweden and Tanzania. Ecology and 

Society 9: 4. 

Thierfelder, C., and P. Wall. 2010. Investigating Conservation Agriculture (CA) Systems in 

Zambia and Zimbabwe to Mitigate Future Effects of Climate Change. Journal of Crop 

Improvement 24(2): 113–21. 

Thomas, G.W. 1985. The Future of No-tillage. In Proceedings of the 1985 Southern Region No-

Till Conference, ed. by W.L. Hargrove, F.C. Boswell, and G.W. Langdale. Athens, GA: 

University of Georgia. 



64 
 

Traoré, N., R. Landry, and N. Amara. 1998. On-farm Adoption of Conservation Practices: The 

Role of Farm and Farmer Characteristics, Perceptions, and Health Hazards. Land Economics 

74(1): 114–27. 

UNFPA (United Nations Population Fund). 2011. State of the World Population 2011: People 

and Possibilities in a World of 7 Billion. Available at 

http://www.unfpa.org/public/home/publications/pid/8726. 

Vaessen, J., and G. Van Hecken.  2009. Assess the Potential for Experimental Evaluation of 

Intervention Effects: The Case of the Regional Integrated Silvopastoral Approaches to 

Ecosystem Management Project.  GEF Impact Evaluation Report.  Washington, DC: Global 

Environment Facility Evaluation Office. 

Valdivia, C., Seth, J. Gilles, M. García, E. Jiménez, J. Cusicanqui, and E. Yucra. 2010. Adapting 

to Climate Change in Andean Ecosystems: Landscapes, Capitals, and Perceptions Shaping 

Rural Livelihood Strategies and Linking Knowledge Systems. Annals of the Association of 

American Geographers 100(4): 818–34. 

Vandermeer, J., and I. Perfecto. 2005. The Future of Farming and Conservation. Science 

308(5726): 1257–258 

Van Viet, N. 2001. The Influence of Climatic Variation on the Production of Winter-Spring Rice 

in the North Delta of Vietnam and the Means to Cope with It. In Contributions from 

Members on Operational Applications in Agrometeorology and from Discussants on the 

Papers Presented at the International Workshop: Agrometeorology in the 21st Century - 

Needs and Perspectives, CAgM Report No. 77b, WMO/TD No. 1029, World Meteorological 

Organization, Geneva. 

Verchot, L.V., M. Van Noordwijk, S. Kandji, T. Tomich, C. Ong, A. Albrecht, J. Mackensen, C. 

Bantilan K.V. Anupama, and C. Palm. 2007. Climate Change: Linking Adaptation and 

Mitigation through Agroforestry. Mitigation and Adaptation Strategies for Global Change 

12(5): 901–18. 

Verhulst, N., V. Nelissen, N. Jespers, H. Haven, K. Sayre, D. Raes, J. Deckers, and B. Govaerts. 

2011. Soil Water Content, Maize Yield and its Stability as Affected by Tillage and Crop 

Residue Management in Rainfed Semi-arid Highlands. Plant and Soil 344(1-2): 73–85. 

Vosti, S.A., J. Witcover, S. Oliveira, and M. Faminow. 1998. Policy Issues in Agroforestry: 

Technology Adoption and Regional Integration in the Western Brazil Amazon. Agroforestry 

Systems 38: 195–222. 

Wall, P.C. 2007. Tailoring Conservation Agriculture to the Needs of Small Farmers in 

Developing Countries: An Analysis of Issues. Journal of Crop Improvement 19(1-2): 137–

55. 

Wenner, M. 2005. Agricultural Insurance Revisited: New Developments and Perspectives in 

Latin America and the Caribbean. IDB Paper No. 36838. Washington, DC: Inter-American 

Development Bank. 

http://www.unfpa.org/public/home/publications/pid/8726


65 
 

Winters, Paul, Lina Salazar, and Alessandro Maffioli. 2010. Designing Impact Evaluations for 

Agricultural Projects. Office of Strategic Planning and Development Effectiveness Working 

Paper 1007. Washington, DC: Inter-American Development Bank.  

Witter, S.G., M. Robotham, and D. Carrasco. 1996. Sustainable Adoption of Conservation 

Practices by Upland Farmers in the Dominican Republic. Journal of Soil and Water 

Conservation 51(3): 249–54. 

Wright, J.A., A. DiNicola, and E. Gaitan. 2000. Latin American Forest Plantations: 

Opportunities for Carbon Sequestration, Economic Development, and Financial Returns. 

Journal of Forestry 98(9): 20–23. 

Zegarra, E., and C. de los Rios. 2005 Agricultural Insurance Policy and Farmers Exposure to 

Idiosyncratic and Covariate Risk in the Peruvian Coast: Research Proposal. BASIS Program, 

USAID. 

Zhu, Y., H.  Chen, J.  Fan, Y.  Wang, Y. Li, J.  Chen, J. Fan, S. Yang, L. Hu, H. Leung, T.W. 

Mew, P.S. Teng, Z. Wang, and C. Mundt. 2000. Genetic Diversity and Disease Control in 

Rice. Nature 406(6797): 718–22. 

Zinn, Y.L. R. Lal, and D. Resck. 2005. Changes in Soil Organic Carbon Stocks under 

Agriculture in Brazil. Soil and Tillage Research 84(1): 28–40. 

 

http://ideas.repec.org/p/idb/spdwps/1007.html
http://ideas.repec.org/p/idb/spdwps/1007.html
http://ideas.repec.org/s/idb/spdwps.html
http://ideas.repec.org/s/idb/spdwps.html

	IDB-TN-652-cover
	IDB-TN-652-text

